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Introduction. 


In my paper on the Mansjé Mt., published in 1922 (2) I pointe 
out in the introduction that the country rocks of the county of Hel 
singland, in the valleys of the rivers Voxna Alv and Loan, prove 
to be of a far more complicated character than was indicated by earlie 
maps and descriptions, and that a revised survey of the geologica 
maps of the district in question was very greatly needed. I also ex 
pressed the hope of being able, at some future time, to contribute t 
this work by investigations carried out more especially along the uppe 
valley of the Voxna River. 

During the years 1922—1935 I devoted a certain amount of tim 
each summer to field-work in the region. I originally intended t 
confine my work to the Loos-district proper, viz. the parish of tha 
name, but it was gradually extended in so far as I found myself com 
pelled to cross the boundary I first marked out for my labours, h 
order to find the solution of the problems which successively arose 
The memoir here presented which has been given the comprehensiy 
title »The Loos-Hamra Region», embraces, therefore, not only th 
parish of Loos but also the parish of Hamra (popularly called Ors: 
Finnmark), parts of the parishes of Alfta, Voxna, and Farila withh 
the government district of Givleborg, parts of the Ore and Orsa parishe 
in the district of Kopparberg (Dalecarlia), and, finally, a part of Lill 
hirdal, in the province of Hirjedalen. The total area amounts to abou 
1 200 sq. miles (cfr. Pl. CX). 

Some of the main petrological features of the country rocks of th 
northern part of this large district are known from BLomBER@’s descrip 
tion (1. 1895) of the government district of Gavleborg, which is partl 
based on SvEDMARK’s very incomplete and fragmentary geologica 
communications (34) from a surveying journey carried out in th 
years 1886, 1887, and 1893, mainly along the few roads of the district 
and also on SVENoNIvs’ diary entries respecting a similar visit in 1885 
Our previous knowledge of the southern part of the area, lying withi 
Dalecarlia, on which T6RNEBOHM relied for his mapping of the distrie 
for his well-known geological map of Sweden (1910), is limited to th 
results of short surveying journeys by TéRNevist (1877), LuNDBOHI 
(1882) and SvepMarkK (1887). 

No detailed scientific examination of the scanty material sample 
during these years has hitherto been carried out. On examining thi 
material in the collections of the Swedish Geological Survey, I foun 
it to be comparatively valueless, partly as a result of the inexactnes 
of localisations and partly because these, in some cases, were clearl: 
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roneous, a fact which may possibly be connected with the inaccurate 
laps of the country which were available at the time the journeys 
ere made. In this memoir, consequently, I have ignored the above 
entioned earlier material as being unreliable. 

“Since the publication of T6RNEBoHM’s petrological map of Sweden, 
OOSTROM Communicated in 1916 a brief account of the country rocks 
f the N.E. part of the parish of Orsa (21), and appended to the de- 
eription a sketch map, mainly intended to illustrate the unconformaty 
rhich he had proved to exist between the Dala porphyries and the older 
soos rocks. As Loostrrém’s field work was mostly confined to the W. 
nd more central parts of the great Dalecarlian porphyry area, however, 
is sketch is not based on a detailed mapping of the district, so that, 
ke the map published by Svepmark, it differs essentially from the 
ap which is now presented in the present memoir. 

This was drawn in the field on the scale 1 : 20 000, and the results 
ave been entered in an original map on the scale 1 : 50000, which 
as been presented to the University of Stockholm. On this latter map 
here are plotted and numbered all the localities from which rock 
amples have been preserved, the same numbers being found on the 
orresponding samples, thin slides, and analyses. The collection of 
amples and thin sections, too, have been made over as a gift to the 
Iniversity, where consequently the whole of the primary material will 
e accessible for comparative study. 

During the course of my investigations, the Loos Hamra region proved 
) present possibilities — hitherto unknown in respect of Swedish 
re-Cambrian rocks — for the drawing up of a complete age sequence, 
specially of the younger series. As this must be assumed to be of the 
tmost importance for the continuance of the great work started by 
rofessor J. J. SEDERHOLM, the pioneer of Fenno-Scandian pre-Cambrian 
srrelation, I have endeavoured to give — in addition to a detailed 
etrographic description of the rocks — also an unusually comprehen- 
ve chemical account of them, based on 114 analyses, which will 
e found in these pages.. A list of them and an A—C—F diagram of 
ye eruptive rocks will be found on page 339. 

Some of these analyses were carried out during 1922—1926 at a 
rivate research laboratory I had at that time at Ljusne. A few are 
1e result of collaboration with Prof. J. PerRmHN, my esteemed teacher 
‘ by-gone student days, but for the greater number I am indebted 
» the eminent chemists Dr. N. Sanisom and J. Brix. 

‘The microscopical determinations have all been carried out with a 
liversal stage — more than 2 000 thin sections having been prepared. 
he geometric determinations of the actual mineral percentages are 
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all given in weight and have been made with the aid of the Leits 
integration-stage. The specific weight of the various rocks has bee 
obtained by weighing in benzol. A few very cross-grained types hay 
been weighed in water at the University of Upsala, where Pro: 
H. Backxuunp kindly placed the required instruments of the geologice 
department, and Dr. T. Kroxstrém his valuable time, at m 
disposal. 

In the field work I was assisted during the summer of 1923 by D: 
E. Norn, and in 1924—1925 by G. Autman, M. EH. Chief Foreste 
P. SILFVERSPARRE, who is extremely well acquainted with the grea 
forest districts around Loos, has-for several years assisted me in th 
search for exposures in these rather inaccessible tracts. To all thes 
gentlemen I beg to express my hearty thanks. 

A special expression of gratitude is due to my most esteemed co. 
league Prof. P. QuENSEL for the interest he has always taken in m 
labours and for the many good suggestions and fresh view-point 
which I have gained during our discussions of various problems en 
countered both in the field and in the laboratory. I am also indebte: 
to the Head of the Swedish Geological Survey, A. GAvELIN, for givin 
me free access to the dairies and material in the archives and collection 
of the survey and to my colleague, Dr. N. Magnusson, for many en 
lightening and valuable discussions on the subject of pre-Cambria 
chronology, especially in connection with the correlation of the olde 
Loos series with the results of his own outstanding work in Centre 
Sweden. 

Director A. LarraKart of the Finnish Geological Survey, who too 
some beautiful photographs when he visited me during my work i 
the field in 1933, has kindly allowed me to reproduce them in th 
present memoir. 

Finally, I have to thank, firstly, the General Director of the Bolide 
Mining Company, O. Fauxman, for his permission to examine th 
prospecting results obtained by the company in the Loos distrie 
and secondly, the chief geological expert, Dr. O. BazcKsTROM, who ha 
most obligingly placed the drill cores and other material at my disposa 
During the course of 1933 I published the preliminary results of my wor 
in the records of the Geological Society of Stockholm (G. F. F., ( 
and in the same year gave lectures on the subject at Stockholm, He 
singfors, and Upsala. I am also indebted to my friend, Professor C. I 
TitLEy, who last year offered me the opportunity of placing the essenti 
points of the pre-Cambrian chronology, as suggested by the Loo: 
Hamra region, before an audience of distinguished British colleague 
at the University of Cambridge. 
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Certain minor differences existing between the points of view then 
idvanced and those given in the present memoir result from new facts 
laving been brought to light during the course of my comprehensive 
evision of the area in the summers of 1934—35 and of new analyses 
ecessitated by the discoveries. Consequently, I believe the map at- 
ached to this work to be essentially correct. However, owing to the 
earcity of outcrops in large swampy or covered areas of this inaccessible 
md sparsely populated region, as well as to the lack in several cases 
f directly observable contacts between rocks, the possibility of errors 
s not excluded. New exposures may be uncovered by the road work 
iow being carried on within the district as relief work for unemploy- 
hent. But even if a boundary line may have to be shifted a little, or 
mall remains of one or other rock series may be discovered within 
reas where they are at present not represented, still, I consider the 
tratigraphical, tectonical, and petrological outlines of the region so 
irmmly established that possible adjustments may be regarded as negli- 
ible, and any delay in publishing the present paper until the comple- 
ion of the road work would not be justified. 

All the outcrops on which the present mapping of the region is based, 


re entered in the appended map as small dots. 


The Morphology and Tectonics of the Region. 


The Loos-Hamra region consists of a rocky highland which, with 

he exception of small parts of the Voxna River below Lobonis, lies 
ntirely above the highest marine limit (M. G.). It is traversed by the 
yater-parting between the river systems of the Ljusne and Dala Rivers 
nd by three deeply cut valleys, running mainly in a S8.E. direction, 
iz. (1) that of the Voxna River with its tributary from the N., the Loan, 
elonging to the Ljusnan-system, (2) that of the Oreilv River with 
ss tributary from the N.N.W., the Sandsjoan, and (3) that of the 
iman, also a large tributary of the Oredlv, which latter flows into the 
ala River. : 
The greatest heights, which attain an elevation of more than 700 m, 
e within Orsa Finnmark, W. of the Ore and Sandsjo rivers and 8, of 
ilvho, where the following conspicuous peaks may be noted: Laxsj6- 
nopp (732 m), Korpmaki (732 m), Stora Sandsjéberget (644 m), and 
ilkalampinoppi (633 m). N.E. of the watershed between the two 
reat river systems the maximum height around Loos Falls below 600 m, 
nd in the southeastern part of the area the average height is no more 
han between 300—400 m above sea-level. 
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Heavy drift and sand deposits cover most of the country rocks « 
the entire area, and glacio-fluvial sediments are especially thick in th 
southeastern part of the valleys of the rivers Loan and Voxna 4h 
A continuous esker, especially beautifully developed in the vicinit 
of the old Voxna Iron-works, can be traced along the Voxna valle 
N.W. to the inflow of the Loan, where it divides into two ridges, whiel 
with somewhat large or small breaks, run along the two rivers as fz 
as to the northern limit of the map. Another esker follows the valle 
of Tandsjé Lake and the Sundsjéan brook down to where the latt 
runs into the river Orealv and then along this river down towarc 
Dalecarlia. 

Along these valleys however, in spite of a heavy covering, thei 
exist as a rule good exposures in the hill sides, most of which rise pe: 
pendicularly, especially along the western side of the valleys. In betwee 
the valleys there have been found so many outcrops that, as a rule, tl 
establishment of the geological connection of different localities he 
not involved any great difficulties and has proved unexpectedly reliabl 
There are some considerable tracts, however, already mentioned, whie 
are covered by marsh and moorland, where the exposures are few an 
far between. This is the case N. and N.E. of the Amadalen statior 
in the parish of Orsa, and also W. of Loos in the direction of Rullb 
Both of these areas are typical, easily eroded shale ground, but to judg 
from the uniform petrological character of the outcrops and the boulder 
hidden surprises below the surface are hardly probable. 

The configuration of the topography displays characteristic vari: 
tions in the different parts of the regions, partly brought about b 
the difference in erosion of the manifold variety of country rock 
partly due to tectonic disturbances. E. of the rivers Loan and Voxnaah 
where older gneiss granites and migmatites dominate, the hills preset 
softly undulating lines, as a rule with gently sloping sides. It is onl 
exceptionally, and then in connection with the dislocation zon 
described below, that any steep inclines occur (cfr. Pl. I, fig. 1). 

The area around Loos is characterized by greenstone hillocks, whic 
rise conspicuously above the highland, exhibiting protruding terrac 
of underlying schistose sediments at their base, exposed in the erosic 
valleys (cfr. Pl. I, fig. 2). Even if sometimes rather steep, they alwaj 
present smoothly rounded outlines, due to the easy weathering of tl 
greenstone. In between them, large, even marshy slopes indicate tl 
sedimentation of younger tuffs, shales, slates and quartzites. 

West of the rivers Sandsjéan and Oreiily the landscape is dominate 
by sharply outlined effusive beds of Dala porphyries projecting or 
above the other with a slight slope towards the N.W., W., or 8.V 
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the perpendicular faces of their eastern fronts are at the base of the 
ifferent beds, more or less concealed by large naked rock falls and talus, 
he sharp-edged, comparatively small lumps of porphyry making going 
ery heavy for the exploring geologist. 

Here, too, just as around Loos, the respective older and younger 
edimentation areas around Gratbick station and S.E. of Amadalen 
tation, each imprint their different but monotonous character on the 
andscape. 

The erosion sculpture within the Loos-Hamra region, however, 
wes its character less to the distribution of the country rocks, than to 
he tectonics connected with, and resulting from, the »mise-en-place» 
ff the rocks. 

On the whole, the tectonic features are unusually little complicated, 
esulting from the fact that the district luckily falls just outside the 
ield of action of the great Caledonian originesis, or has in any case 
een very little disturbed by that great movement. It seems to constitute 
n ancient resistance centre, where several successive stages of subsidence 
nd mountain folding have been registered, it is true, but not so strongly 
s to prevent the history of the development of previous epochs from 
ing read. It is probably this circumstance we have to thank for 
he preservation of an unusually readily decipherable, chronological 
eries within Swedish pre-Cambrian. 

Before entering upon a description of the tectonic features, I should 
ike to briefly summarize the distribution and stratigraphy of the country 
ocks, such as has already been given in my preliminary communication 
f 1934, and as it will be developed in greater detail in the following 
ages. 

The main portion of the eastern and south-eastern parts of the area 
3 occupied by the oldest archaean rocks, consisting of gray leptitic 
neisses, which are frequently highly migmatised, and by old gneiss 
ranites with enclosures of fragments of leptites, the whole intruded 
yy the Mansjé granite. Upon this ancient country of primary rock has 
een deposited a sedimentation series, the sub-Loosian, which, in the 
eighbourhood of Loos, has been preserved from erosion by the succeed- 
ng super-imposed so-called Loos series, which latter represent a lower 
ivision of volcanic and plutonic rock and an upper division of quart- 
itic and slaty sediments. Above the Loos series follows westwards, 
epresented chiefly N. and 8.W. of the Noppikoski Waterfalls (Oreailv 
fiver), the extrusion of the Noppi porphyry, overlain in its turn by the 
edimentary Noppi series and cut by the Ratan granite. Above these 
eries come the Jotnian Dala porphyries, Rapakivi granites, sandstones 
nd doleritic diabases, which latter conclude the chronological sequence. 
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Within the oldest eastern migmatitic gneiss area the oldest leptit 
xenolithes, brecciated and caught in the granite, are, as a rule, steep] 
tilted, with a uniform N.W.—S.E. strike. The more homogeneous part 
of the gneiss granite also display a more or less marked schistosity 1 
the same direction. But there are exceptions, however. The eulysit 
bearing strata at the Mansj6 Mt., for instance, form a shallow synelin 
dipping 20°—30° in a north-western direction, while its continuation 
10 kilometers to the S.E. in the Loberget Hill shows a similar soutl 
eastern dip. The folding axis, consequently, is undulating, but its strik 
is in conformity with the general strike of the gneiss granite. A quartziti 
leptite series, occurring further south in the Gaddtjarn Hill, also dig 
gently to the W., and may be the eastern part of a similar shallow syr 
cline. I shall return later on — in connection with the description ¢ 
the country rocks — to a probable explanation of these exceptiona 
occurrences of slight folding, but uniform strike, within the ol 
archaean. 

The eastern district is traversed by two important faults, one run 
ning north through the valley of Skralldalen in a N.W.—S.E. directio: 
towards Rakaklitt Hill, E. of Lobonis in the south, and the other fol 
lowing the valleys of the rivers Loan and Voxnailv. 

The first-mentioned fault has been studied at Skrilldalen where 
practically speaking, the whole width of the eroded valley or canyo} 
is a strongly mylonitized gneiss-granite and migmatite, and where th 
country rock W. of the dislocation has subsided to a lower level thai 
that on the eastern side. I have been unable to determine the vertica 
measure of the slip, but the dislocation must have been rather con 
siderable, judging from the higher degree of migmatization and meta 
morphism at the present erosion level E. of the fault, compared witl 
the conditions W. of the fault. 

There is an extremely pretty exposure of the southern part of th 
fault on the western slopes of Rakaklitt Hill, where the gneiss has bee 
intensely brecciated and criss-crossed by cracks, filled with milk 
quartz and quartz prisms, between which have crystallized radialh 
arranged hematite flakes. During the 18th. century these latter wer 
mined for iron ore to supply an old blast furnace at Voxna. The down 
throw at the fault appears here to have been on a smaller scale than i 
the N., for no clear difference in metamorphism on the two sides of th 
fault is observable. The easily eroded, and yet still preserved graphite 
bearing leptites to the S.W. of Rakaklitt at Svensbo previously describe 
by the author, and their non-occurrence to the E. of the fault, point 


however, to less depth of erosion, and, consequently, to a sinking o 
the western rock level. 
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The development of Lake Angrasjén and the stream of the same 
ere in the N., and, in the S., the upper part of the basin of the river 
mryckan, a tributary of the river Voxna Alv, is no doubt connected 
ith the Skralldalen-Rikaklitt fault. 

The second dislocation within the old archaean (the great Voxna 

ault) is beautifully exposed in the Njupaklitt Hill N. of Voxna, where 
is perpendicular eastern face is one immense quartz breccia, with large, 
icely chrystallized, milky quartz prisms, often of considerable size, 
rowing from the fissure walls towards the centre. In the interstices 
etween the prisms there occasionally occur small, clear quartz crystals, 
nd now and then scales of hematite. 
‘The breccia zone is from one to several metres wide, here and there 
nclosing blocks of the greenstone bordering to the W. This greenstone 
elongs to the volcanic period of the Loos series. Immediately E. of 
he fault is found migmatitic gneiss. By studying the breccia, I found, 
ere too, clear indications that the eastern rock ground has subsided. 
n one place, for instance, there could be observed a big lump of green- 
tone caught in the breccia, which had been broken loose and moved 
ownwards from its very obvious original position in the greenstone 
all. As, however, it has become jammed against a protruding edge 
E the western greenstone, it does not afford a basis for any deductions 
sspecting the extent of the movement caused by the dislocation. That 
nis must have been fairly considerable, however, is shown by the fact 
1at, in the breccia, fragments are seen of the actual contact between 
1e greenstone and a gray granitized gneissose leptite, while the present 
ck opposing the greenstone consists of the eastern limb of the Gidd- 
arn leptite-syncline, indicating a comparatively higher level. 

Farther N. at the S.W. foot of the Loberget Hill, E. of Lobonis, one 
gain traces the dislocation in a great number of breccia boulders, 
hile the solid rock itself is not exposed. North of Lobonis the fault 
rks into two dislocations. Along the road between Lobonis and Tens- 
erg, occasional samples of breccia are seen, indicating that one branch 
E the fault probably mainly follows the Loan stream and is concealed 
neath the glacio-fluvial drifts and moraine. Along the eastern cliffs 
the Losberget, W. of Lake Losjén, however, the dislocation can once 
ore be observed in the shape of mylonitized gneiss granite and of a 
oderate breccia. The greater part of the fault, however, is covered 
y the talus fall at the foot of the cliffs. The last reliable sign of the 
srthern extension of the dislocation is found at the eastern foot of 
e greenstone cliffs of Ornberget, E. of the village of Loos, where there 
a small outcrop of brecciated sub-Loosian schists immediately below 
e cliffs. On continuing northwards through the greenstone-porphyry- 
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tuff- and schist-areas no further evidence of the continuation of a fa 
has been found. 

A common feature of the two faults now described is the absena 
of any horizontal movements of noticeable magnitude along the lina 
of these disiocations. On the other hand, quite a number of smalld 
faults have been observed connected with the dislocation zones, am 
especially with the western one, where such displacement occurs. 
have, for instance, previously proved the existence of a small fau! 
running N.E.—S.W. across the Mansjé syncline, whereby the S.W 
part of the syncline has been displaced somewhat in a S.E. directior 
unaccompanied by any noticeable vertical slip (cf. 2, fig. 1, Plat 
XVI). 

Immediately W. of Svarttjarn and Storkvarnberget Hill, W. ¢ 
Lake Lomsjoén, there exists a N.S. fault-breccia in the sub-Loosia 
quartzite and the greenstone, accompanied by some vertical movemen 
Whereas the two quartzite peaks of the Storkvarnberget Hill ar 
separated by a small traversing, brecciating W.E. fault, with som 
lateral, but hardly noticeable, vertical displacement, the, quarts 
porphyry and the greenstone at Hjirpberget are parted by a W.I 
dislocation, another crossing the Hemtjarn Hill north of Kuttermak 
Along the eastern foot of the hills at Tensberg, as well as along th 
tongue of granite S.W. of Karlsberg (S. of Loos), another fault announce 
its presence by N.—S. crush zones in the granite. 

Finally, a large fault joming the major fault at Losberget Hill, < 
an angle of about 60°, is worth mentioning. To the N. of the dislocation 
the Fetingsberg ridge rises conspicuously above the surrounding countr 
Its southern, partly perpendicular side presents the same striking! 
crystallized quartz breccia as at Njupaklitt, although radiating hem 
tite scales and clear quartz prisms are more abundant in this case. T1 
ridge represents a depressed synclinal fold of sub-Loosian schists with: 
the surrounding garnet-sillimanite-gneisses and migmatites, protecte 
from erosion by the encasing »chain mail» of the quartz breccia on i 
southern face, and by pegmatitic dykes from the adjoining Daasée 
granite on its northern face. The easier erosion of the surroundir 
ground of actually lower stratigraphic levels has led to the reversé 
geomorphic sculpture of a »horst», which is actually a subsidence. 

The evidence that the vertical slip in this case also must be con: 
derable is provided by the opposing rocks at the southern foot of tl 
cliffs: basal Sub-Loosian quartzites and granites against much young 
schists. The breccia itself contains, at the very crest of the cliffs, fra 
ments of the adjoining quartzites, but right down to the foot the broke 
lumps of schists are predominant. 
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The valley of the Looan and that of the succeeding part of the Voxna 
ly, consequently, coincide with an important line of weakness in the 
yck ground, which may be taken as a decisive factor governing their 
ath of erosion. 

The upper part of the course of the Voxna was probably also deter- 
ned by dislocations, a considerable fault, following the N.E. bank of 
1e river, from the border of Harjedalen down to the vicinity of Rullbo, 
eing traceable as a crushing zone in the granite. Its continuation is, 
owever, not evident in the schist area S. of Rullbo, where the erosion 
[ the river channel seems to be governed merely by the zone of weak- 
ess, which has arisen along the contact between strongly folded and 
eeply tilted schists and older gneiss granites or intruding younger 
ranites. There are some indications, however, of its passing east of 
le Tiver, crossing it 2 miles north of Voxna Hed, close to where old 
ib-Loosian schists have been thrust above younger quartzites (cf. 
elow). Still farther south, through the granite N.E. of Hamra, no traces 
f a fault are discernible in the well-exposed outcrops along the river, 
here an opportunity was afforded of studying a continuous cross- 
section of the river bed in 1933, when the dam for Storlugnet hydraulic 
ower station (about | km. north of Voxna Hed), was being constructed. 
he river, however, flows in close proximity to the border line between 
le younger Risberg granite and the old gneiss granite. For the last 
etch of its course, down to its union with the Loan, the Voxna Alv 
pproximately follows the intrusion contact between the old archaean 
fylen gneiss-granite and the still older leptitic gneiss, and at the Hyl- 
rommen rapids the erosion of its path just along this zone of weakness 
very much in evidence. N.E. of Hylstrémmen, however, the triangular 
rea of old sub-Loosian quartzites is certainly preserved by down- 
wulting. 

A traverse dislocation zone, represented by a double fault S. of 
ullbo, may also be worth mentioning. The northern fault displaces 
oosian tuffitic schist, while, at a southern fault, the lower strata of 
ne sub-Loosian schists are thrust above their own superimposed quart- 
tes. W. of the Voxna Alv there runs through the basin of lakes 
lamra and Stensjon a N.N.W. fault, which may possibly be a con- 
nuation of that described above, crossing the river 8S. of Rullbo. 
he dislocation is indicated by an exposure of highly brecciated gneiss 
ranite N.W. of Hamra, as well as by numerous breccia boulders in 
1e direction towards Rullbo. Farther S. the jotnian doleritic diabase 
and 8. of Lake Stensjén has intruded along the same line of weakness. 
thave not been able to decide with certainty in which direction the 
ertical displacement has moved. As, however, relics of old iron-bearing 


142 HARRY VON ECKERMANN. [Mars—April 1936 


leptite series occasionally occur along the Hamra ridge, while none ax 
found W. of the dislocation, a slight subsidence of the ground rocks H 
of the fault may possibly have taken place. 

Finally, in the western parts of the Loos-Hamra region we encounté 
the strongly evident dislocation system which extends from Lak 
~ Fagelsjén in the N. W., past Tandsj6-Lillhamra, and along the river 
Sandsjéin and Tallsjébacken, down to the river Orealv. Probabl 
it follows this latter river southwards, the drainage system havin 
established itself thanks to the presence of the fault. 

The northern outset of this dislocation may be traced even withi 
the Ratan granite, many miles north of Lake Fagelsj6n, by narrow 
somewhat gneissose zones within this granite, which latter is entirel 
homogeneous elsewhere. On the neck of land between lakes Fagelsjé 
and Tandsj6n, it is directly observable, for example, at Sjéaindan, wher 
all the gneiss granite is mylonitized and brecciated almost past recogn: 
tion, here and there containing fragments of quartsite. On the easter 
shore of Lake Tandsjén, by the railroad N. of Tandsj6 station, ther 
are large outcrops of ultra-mylonitic Ratan granite, which farther } 
are overlain by seemingly undisturbed jotnian tuffitic sediments. 

In spite of diligent searching, no signs of dislocation have been foun 
within the sediments, which does not, however, preclude the possibilit 
that the fault runs E. or W. of these tuffs. There exists a certain ind 
cation, however, that the faulting is mainly older than the epoch 
sedimentation, i.e. is early jotnian or pre-jotnian. As the mylonitisatio 
and crushing of the granite is observable within a very wide zon 
extending up to a thousand metres and more HE. of the lake, this exter 
sive dynamic deformation of the granite could hardly have taken plae¢ 
without also affecting the superimposed, horizontally stratified sed 
ments in the narrow short strip immediately adjoining the maximut 
zone of mylonitisation, which latter, consequently, must for the mos 
part be of an earlier date. ‘ 

On the other hand, irrefutable evidence is provided, at the souther 
end of Lake Tandsj6, of continued movement along the fault in jotnia 
or post-jotnian time. Red porphyry E. of the valley, belonging to tl 
earliest lava flows of the elder Dala porphyries, now lies on the san 
level as the considerably younger porphyritic beds on the other sic 
of the valley. Veins of pegmatite, cutting through the smaller occurren 
of Loos-rocks 8. of the porphyries, are plentiful E. of the river Sandsj6a: 
viz. H. of the fault, but do not occur on its western side. Consequentl 
the area W. of the dislocation has subsided, and as the porphyry bec 
in Orsa Finnmark generally lie almost horizontal, with a slight W.—S.V 
dip of 10°—15°, the re-occurrence of the porphyry beds E. of Tands 
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‘ther south may afford assistance in obtaining an approximate 
sasure of the vertical displacement at the fault. A calculation indi- 
tes a subsidence of about 200 metres, which may be taken asa mini- 
um for the dislocation at Tandsjé (cf, Pl. LXXXII; Fig. 2). 

S. of Lake Tandsjé the fault forks into two dislocations, between 
ich lies sunk the small area of Loos rocks to which reference has 
‘eady been made. The eastern fault can be traced along the eastern 
undaries of the Rapakivi granite (Sandsjé type), S. of the Loos rocks, 
d farther along the Sandsjé River, following in close proximity 
the contact between the old gneiss granites and the southerly ex- 
asion of the Ratan granite. It has given rise to an extensive mylo- 
sation, which alternately affects both the two above-mentioned 
tks. Reference has already been made to the probability that the 
ult follows the course of the river Oredlv farther southwards, although 
e poverty of exposures along the river mostly prevents direct obser- 
tion. Right down at the southern margin of the map, on the western 
ore of Oreilv, the gneiss granite of the Vangsjéklitten Hill is so badly 
ushed, however, that it may be taken as a confirmatory indication. 
Actually, the rock ground S. of the right-angle bend of the Orealv 
of Noppikoski and W. of the river, almost right up the boundary 
the porphyries and the jotnian sediments, is so strongly crushed and 
angled that one may speak of a wide zone of dislocation rather than 
a well-defined fault. The primary textures of the older gneiss-granites, 
well as of the Ratan granite, are in many cases totally obliterated 
the dynamic metamorphism, and the mapping has been possible 
ly by means of paying close attention to occasional remnants of the 
ginal rocks, as well as to comparative microscopical mineral deter- 
nations and chemical analyses. 

In my preliminary report of 1933 I described part of these rocks as 
ing Risberg granite of the lower Loos series, while subsequent closer 
yestigations, on which the present map is based, have shown them 
be the considerably younger Ratan granite. I may point out in 
is connection, however, that the, in many cases, almost undecipherable 
ite of the rocks, as well as the scarcity of outcrops, makes the eastern 
undary of the Ratan granite, as entered on the map in these parts 
of the Noppikoski bend, rather uncertain. It may be taken more as 
indication of the probable location of the boundary than as an actual 
ntact line. Smaller areas of Risberg-granite too may be present 
thin the dislocation-zone. 

As is well known, the big circular ring-subsidence of the Silurian 
ks of Dalecarlia lies at a distance of about 10 km. south of the pres- 
t map. No generally accepted explanation of the origin of this 
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subsidence has as yet been forthcoming. It is, consequently, of gre 
interest to note the widening of the dislocation zone southwards towar 
Dalecarlia. 

Returning to the western branch fault at Tandsj6n, it is not as shary 
marked as the eastern one, but constitutes rather a brecciating zo 
in the rocks, which can be observed in the younger quartzites of t 
Loos series the whole way from Lillhamra down to the river Oreé 
at Noppikoski. The brecciating occurs on the western side towar 
the Dala and Noppi porphyries. In his day, SveDMaRK was astonish 
to find this brecciation on the western slope of the conspicuous San 
sjoberget ridge, and not on its precipitous eastern side, where he advis 
future investigators to look for the main breccia. Actually, the easte 
dislocation has to be looked for many miles to the E., at the riv 
Sandsjén, the cause of the spectacular eastern escarpment of the qua 
zites being the steep tilting of the rib between the eastern and weste 
fault towards the W., on the occasion of the further downthrow of t 
western porphyry area. The subsidence is confirmed by the felsi 
material derived from the lower porphyry beds — or maybe even t 
Noppi porphyry — which is found caught in the breccia at the saz 
level as that occupied by the immediately adjoining porphyrites ai 
basic jotnian tuffs to the W. of the breccia. As the Sandsjé quartzit 
exhibit a thickness of at least 200 m., this points to an even great 
vertical minimum displacement than at Tandsjé. 

Farther S$. of Noppikoski, where the same quartzite borders | 
the superimposed Noppi series, the zone of brecciation has not follow 
the contact, but runs within the quartzite itself at a distance of abo 
200 m. The brecciation is far less intense but more extensive, whi 
may indicate a smaller vertical displacement along the fault. No d 
finite conclusions as to the magnitude of the downthrow, howeve 
can be come to in this locality. Crossing the river Oredly, the disloe 
tion zone merges into the wide, crushed zone of the granites, alrea 
mentioned above. 

Loostrém has earlier interpreted the sediment complex of t 
Noppi series 8. of Alvho station as being contemporaneous with t 
Loos sediments, assuming a system of rectangular faults to accou 
for their present tectonic position. In my preliminary report of 19 
I questioned the existence of these faults in the field and the necessi 
for their assumption, since the sediments had been proved to belo: 
to a younger sedimentation epoch. Since then, in 1934 and 1935, 
have extended my study of this particular part of the field, with t 
result that I have had to modify my earlier view. A certain amou 
of faulting and considerable tectonic disturbances have been prov 
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9 exist, even if they do not accord with Loostr6m’s conclusions, 
OOSTROM conceived the quartzitic and slaty sediments 8. of Alvho 
s being separated from similar archaean sediments which he claimed 
e had discovered farther to the W. at Lusbo, by a subsided area of 
orphyrite, bounded at the E. and W. by vertical N. S. faults. He even 
ugeested that the two sedimentary areas united beneath the porphyrite. 

The actual facts are really quite different. Firstly, the porphyrite 
oes not exist, but there is instead a coarse-grained granite, believed 
09 belong to the Ratan group. On the eroded surface of this granite 
3 deposited unconformably the basal conglomerate of the Dala series, 
- indicated in my preliminary paper as the top conglomerate of the 
loppi-series — followed by superimposed inter-jotnian sediments and 
reen porphyrite. The quartzite sediments of Lusbo and Middagsberget 
re consequently not contemporaneous with the older Noppi quartzites, 
nd the assumed western fault is non-existent. 

Nevertheless, the eastern fault really does exist, but it runs steeply 
1a N. W.—S. E. direction between the granite and the Noppi sedi- 
1ents, indicating a considerable subsidence of the eastern area in rela- 
ion to the granite. This subsidence is bounded towards the H. by a 
onspicuous dislocation, separating the Noppi sediments, including the 
ld tuffitic sediments, from the Noppi porphyries, which dislocation 
; clearly marked in nature and on the map by the jotnian doleritic 
jabase intruded along this ancient zone of weakness. 

Actually, the diabase circumflows — almost completely like a ring 
yke — the roughly circular area of the granite and the sediments. 
the tectonic displacement accompanying the intrusion of the diabase 
snot, however, that of a cauldron-subsidence within the diabase magma, 
ut rather an inverted process, owing to which the surrounding porphyry 
9ck ground to the N. and S. of the area has subsided, or the circular 
lug of older rock been pushed up to higher levels. 

For instance, the small cap of green porphyrite on the top of the 
tnian sediments of the Lustjirnsberget Hill has no equivalent 
‘ithin the map, except at a 300—400 ft. lower level within the hills 
. of Tandsjé in the N., and at Béssfallet in the S. Even if this may 
nly be taken as an indication, conclusive evidence is found at Alvho, 
here the river Oredlv has eroded its way along two parallel E.W. 
iabase dykes, sculpturing most interesting canyons, which have 
ow been laid dry by the blasting of a new by-pass to carry the floated 
mber north of the earlier turbulent rapids (cf. Pl. XCIX). 

“The porphyry flows are here seen steeply tilted at an angle of 60°—70° 
swards the N., an intermediate stratified layer of felsitic tuffite be- 
ween a lower coarse red porphyry and an upper felsic violet porphyry 
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making this readily observable. The southern portions of the porphyr 
beds, south of the river, have, so to say, been left hanging on the side 
of the relatively uplifted prejotnian plug. 

Satisfactory evidence confirming the surrounding subsidence is als 
obtained along the river Aman, the basal jotnian conglomerate to th 
N.E. of the river opposing jotnian sediments on top of the lower Dal 
porphyries on the 8.W. shore. 

Turning farther S., another important dislocation is found branchin 
off from the above discussed circular faultmg in a westerly directio. 
N. of the small brook Granvasslan, crossing the Aman N. of the Ovr 
Bossfallet Waterfall, skirting the southern limits of the extensive Age 
flovasslan marshland at the foot of the hills, and continuing toward 
the conspicuous Dyveran valley, not included in the present map. 

It may be immediately observed, partly as an extensive crushin 
and mylonitisation of the red porphyrite at Granvasslan close to th 
railway watch-box on the railroad line, and also as a strong brecciatio 
and secondary schistosity of the red porphyrite by the river. The rock 
N. of this fault reappear S. of the fault at a 58 m. lower level. This i 
clearly shown by the appended sectional map (Pl. CIX) giving a tope 
graphical survey of the Ama river bed, carried out by the author b 
means of a Paulin barometer. 

Several other minor dislocations, running in a W.S.W.—E.N.E 
direction, have also been observed within the southern parts of th 
region, of which one crossing the diabase 8. of Emadalen station ma: 
be especially mentioned, as it is accompanied by a typical pseudo 
conglomerate within the diabase. This fault is traceable to the W. a 
a marked schistosity within the porphyries on the main road to Hamra 
some 1,000 yards 8. of the Amadalen bridge, and its eastern extensio: 
would roughly correspond to the N.W. boundary of the jotnian sedi 
ments around Toskanberget Hill. This may suggest a down-faultin: 
of this latter area, but, as the present boundaries are based less on th 
very few exposures in those parts than on studies of the boulders, th 
mapping of the boundary may not be quite accurate. An extender 
survey S. of the present map is urgently needed for the interpretatio: 
of the tectonic position of these jotnian sediments, and the autho 
hopes to be able to undertake this survey very shortly. Until then, th 
further discussion of the tectonics along the 8.W. margin of the ma 
must be postponed. The same applies to another fault, supposed t 
cross the Ama at the imposing Helvetesfallet Waterfalls. 

Summarizing what has been said respecting the dislocation tectonic 
of the Loos-Hamra region, one may say that they are characterize 
by. a N.W.—N.N.W. parting of the rock-ground into more or les 
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trow ribs, which are split up into smaller blocks by crossfaults. 
le dislocation system is shown on the appended map, Fig. 1, and is 
‘0 elucidated by the sections (Tables CV—CIX). 

In addition to the vertically directed dislocations other orogenetic 
‘ces have also been active in the Hamra-Loos region, the traces ot 
veral folding periods being clearly registered in the different sedi- 
sntary cycles. If we first of all examine the old archaean of the Loos 
sa proper, so little remains of the earliest rocks (the leptites), that no 
ductions can be drawn as to their folding prior to the brecciation by 
2 gneiss granites and the migmatization by palingenetic granites of 
2 Mangsj6 type. 

The N.W. orientation of the folding axis of the three remaining 
gmental synclines at Mansjé, Loberget, and Gaddtjirn, may be 
ite incidental or else connected with the regional N.W. strike imposed 
on the old archaean during the migmatitization process, or later: 
The following sub-Loosian series are also comparatively small remains 
m a sedimentation epoch, which, judging by the thickness of the 
posits, must have lasted for a considerable geological period. The 
tamorphism of the sediments has largely obliterated primary features, 
t the original stratified difference between quartzitic and argillaceous 
ers remains, and shows remarkably slight signs of folding. The re- 
iming parts now outcropping under the Loos-eruptives give the im- 
sssion of having originally constituted a large shallow synclinal fold 
a N.W. folding axis, originating in a subsiding movement rather than 
mg due to any real mountain folding. Starting from the conception 
the migmatisation as a regional subsidence of the rock ground to 
yer and more high-temperatured palingenetic levels — now generally 
septed by Swedish geologists — one may regard the sub-Loos stage 
a partial local slow continuation of the process, proceeding during 
ame when erosion had been generally carried down to previously 
ingenetic depths. This continued subsidence of the earth’s crust 
y not unnaturally be supposed to occur along the general strike of 
. migmatisation, as this direction will characterize the possible zones 
remaining weakness. 

Juring such a period, the sediments will be gradually deposited in 
llow basins, folding to synclines in the presence of a continued sub- 
ence of the underlying crust, which movement may be increased by 
weight of the accumulating sediments. The basaltic fissure-eruption 
che Loos greenstones must, however, have taken place at a time when 
subsiding movements in this particular part had stopped, and the 
iments were even raised again above sea-level. This is demonstrated 
the evidence of a slight erosion of the sub-Loosian sediments before 
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they were covered by the greenstones, the erosion level of those dai 
having partly laid bare the lower strata of the sedimentary series a. 
having even formed polymikt conglomerates, including boulders of t 
older gneiss granite. This unconformity actually existmg between t 
greenstone and the schists does not, however, seem to be very pronou 
ced, An intrusion above sea-level is also indicated by the lack of pille 
lavas, no such typical structures having been observed, even if a i 
localities may be doubtful. 

The present, more accentuated synclinal arrangement of the su 
Loos series must, however, be explained by the tectonic disturbanc 
immediately connected with the intrusion of the volcanics, and one m 
even assume an anticlinal uplift of the synclinally deposited sedimer 
preceding the eruption and raising the sediments above sea-ley 
Hotrepaut has recently (12) given prominence to the number 
cases where a bed has been sharply bent down close to a plutor 
body, either owing to the dragging effect caused by the general su 
sidence of the magma, after having been solidly attached to the wal 
or owing to the cauldron subsidence of the central body while t 
magma moved upwards between the bed rock and the subsiding bloc 

Disregarding local uptilting of the sediments immediately adjoini 
later faults, and an exceptional area around the Voxna Alv, N. of Vox 
Hed, the sub-Loosian sediments within the central and southern ar 
of the greenstone-district dip from all sides towards the greensto 
at an angle of 60°—70°. At the southern end of the sub-Loosian ar 
the sediments even show a dip of only 30°—40° towards the N. Cc 
sequently, their present tectonic emplacement cannot very well ha 
been the result of mountain-chain folding in the usual sense of the wor 
but their displacement from an originally horizontal or slightly synelin 
or anticlinal position can only be explained by their having been dragg 
or pressed down by the greenstone eruption. With the eruptives 
moved, they would exhibit the picture of a »basiny more than of 
elongated fold. A cross-section at Kvarnberg (S. of Loos) clea: 
shows the synclinal arrangement of the volcanic and pyroclastic roc 
and also the greenstone beds to the E. and W. dipping towards ea 
other. Farther north, at the latitude of Kvarnberg, the western lin 
of the syncline is disturbed by faulting, but west of Loos the quar 
porphyries of Gullmyrberget clearly constitute the easterly dippi 
western limb. The eastern extension of the Karlsberg-cross-sect: 
(cf. Pl. CVIT) shows the secondary synclinal folding of the sub-Loos! 
sediments at Karlsberg and Fetingsberg to be partly the result 
extensive faulting, to which reference has already been made in 1 
preceding pages. 
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To the north, however, the picture is different, the sediments as well 
the overlying greenstone flow being tilted on edge, and the strike 
mg reversed from a N.W. to an E.W. direction. This may be observed 
ong the Faxen Hills, N.E. of Loos, right on to the western greenstone 
locks N. of Rullbo. A vertical poisition is also occupied by the schists 
ng the river Voxna between Rullbo and Voxna Hed, where the super- 
posed greenstone and quartz porphyry tuffs, as well as the eruptives 
emselves, display the same direction of schistosity. This local up- 
ting and compression of the rocks must have been caused by forces 
ting from the N. and N.W., almost at right angles to the original 
nelinal folding of the Loos-district. The intrusion of the Ratan ora- 


2 


=a 


m Fig. 2. 
é in the N. and of the Risberg granite in the W. and N.W. may easily 
count for those tectonic disturbances. The schists along the Voxna 
v have, so to say, been pressed together as in a vice between the earlier 
sberg granite, intruding from the 8. and W., and the later Ratan 
nite, intruding from the N. During the latter intrusion, the earlier 
idified Risberg granite, and especially its northern parts, have also 
sn subjected to pressure and become gneissose. This hypothesis fits 
very well with the actual emplacement of the sub-Loosian schists, 
well as the volcanics and their tuffs, as schematically reconstructed 
the appended Fig. 2. It clearly shows that there is no question of an 
ption-fissure, crossing the main fissure N. of Loos at right angles, 
t of a squeezing-out to both sides of the northern head of the syncline, 
ich must lead to the reappearance of the greenstones of the eastern 
b of the fold to the east of the original syncline, and of the greenstone 
l quartz porphyries of the left limb to the west. An obvious con- 
uence of this transversal faulting would be a strongly dynamic 
tamorphism of the displaced greenstones, Jeaving out of account 
thermal influence of the proximity of the granite, and the oblite- 
ion of primary features — a fact amply verified by my observations 
he field. Another deduction to be drawn is the pre-existence of the 
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Loos-syncline before the intrusion of the Ratan granite, which : 
stricts the downfolding of the syncline to the intrusion period of t 
greenstone—Risberg-magmas and the accompanying orogenetic moy 
ments. 

Finally, as regards the quartzites and slaty sediments of the upp 
Loos-series, which are undoubtedly younger than the Risberg grani 
but older than the Ratan granite, they have been affected by the mov 
ments of the second intrusion only, but are nevertheless actually mo 
folded than the considerably older, lower, tuffitic Loosian and su 
Loosian sediments. This may be explained by their higher stratigrapk 
levels, where they were not, so to-say, kept in place by any overlyin 
interfoliated or intruded eruptives. Consequently, they were mo 
easily displaced in different directions and subjected to folding, irrespe 
tive of their bedding. They also present marked differences betwee 
the direction of their schistosity and that of their origina! sedimentatio 
This may, for instance, be observed in the slate quarries W. of Ryg 
skog, where the secondary schistosity runs N. 40° W., but the origin 
sedimentation N. 25° W., or in the Ryggskog quartzite, where t 
corresponding figures are N. 40 ° W. and N. 10° W. respectively. Th 
schistosity is conformable with the schistosity imposed on the old 
series at the bending over of the left limb of the syncline, while there 
a conspicuous sedimental unconformability between the upper Loo 
sediments and the lower Loos-series, as well as a smaller one betwee 
the bottom quartzite of the former sediments and the following slate 
The same uniform schistosity, but discordant bedding, of tuffit 
and slates is also found south of Rullbo, where the steep tilting ar 
intensive compression of the sediments, however, makes it less co: 
spicuous. 

The small area of Loos-rocks downfaulted S.E. of Tandsjé is mo 
complicated, being divided into two blocks, the strikes of which ero 
each other at an angle of about 110°. The sedimentary succession is tl 
same in both, counting from the bottom: acid »halleflintay-tuff, 
narrow layer of black slates, and quartzite. The tuffs are injected | 
a multitude of narrow pegmatitic veins and may belong to the low 
Loos-series, while the slate and quartzite is free of granite materi 
and is probably contemporaneous with the upper Loos-sediment 
No discordant unconformity between the two is measurable, howeve 
The northern block strikes N. 50° E. and dips 80—90 ° 8.E., the souther 
one strikes N. 60° W. and dips close to the fault, separating the two | 
90° and farther south 60° 8.W. As the strike of the northern bloc 
coincides and lies in line with the corresponding rocks at Rullbo, 
may reasonably be supposed to represent approximately the origin 
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osition of the whole area before the dislocation disturbance took 
lace. 


‘The top quartzites of the upper Loos-series, occurring farther S. from 
andsjéberget ridge down to Noppikoski, present quite another tec- 
onic picture. At Sandsjéberget no traces of any other dynamic in- 
uence are found but the brecciating faulting, to which reference has 
reviously been made. Schistosity and bedding coincide perfectly. 

East of Noppikoski, where the upper Loos-series reappear in conse- 
utive order from east to west, resting partly on the arkose of the old 
meiss-granite, and partly on the sub-Loosian quartzites, differential 
movements, connected with the extrusion of the Noppiquartz-por- 
phyries to the W., has led to a comparatively strong folding of the phyl- 
itic and slaty middle members of the series, and also to a transversal 
folding of the bottom quartzites, while the top quartzites immediately 
beneath the quartz prophyry are only slightly affected. In every Case, 
however, the schistosity and the bedding run parallel to each other, 
and the series is continuously »younging» towards the igneous contact, 
us is beautifully demonstrated by the magnificently preserved current 
seddings (cf. Pl. LI Fig. 1). The whole series represents a twisted 
u.—W.-fold, the folding-axis running parallel to the river, pitching 
vestwards, and turning at Noppikoski at an angle of about 70° north- 
vards. The E.—W.-syncline is further complicated by an E.—W.-fault 
ollowing the river (cf. fig. 13). 

The evidence of current bedding was extensively used during the 
evision of the field in 1934 and 1935, in order to check the earlier 
napping, and the present author would like to take this opportunity 
o express his gratitude to Professor E. B. Battey, who drew his atten- 
ion to this valuable method during the pre-Cambrian excursion to 
scotland in 1934. 


The upper Loos sediments must have originated under about the 
ame conditions as the sub-Loos series, The total absence in both cases 
f intraformational conglomerates indicates a continuous sedimentation 
n a slowly subsiding rock-ground, and the frequent occurrence of 
urtent beddings suggests a shallow sedimentation basin. The uplifting 
f the series at the close of the transgression can hardly have been very 
reat, or more conspicuous conglomerates would have been expected 
n top of the eroded complex. A small unconformable conglomeratic 
one on top of the upper quartzites beneath the quartz porphyries at 
loppikoski, and a somewhat larger one farther to the N., 8.E. of Tall- 
én, do speak, however, of a distinct folding and erosion of the upper 
oos-series prior to the extrusion of the Noppi-lavas. So also does 
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the direct contact between the Noppi quartz-porphyries and the Loos 
phyllites (underlying the Loos top-quartzites) S.E. of Noppikoski. 

Very littie, however, can be said about the character of this upfolding 
except that it may be assumed to be closely related to the emplacement 
of the Noppi-quartz-porphyry and its parent magma, the Ratan 
granite. 

The characteristics of the sub-Loosian and upper Loos epochs apply 
also to the following sedimentation period of the Noppi series, where 
conglomerates within the series are conspicuous by their absence. 
These series occur within the »inverted» cauldron subsidence area, 8. 
of Alvho, — to which reference has-already been made, — and on both 
banks of the small Tallsj6bicken brook, N.W. of Noppikoski. 

While in the former area, the sediments have been subjected to ex- 
tensive displacements and pitch steeply towards the W., the latter area 
is very little disturbed by the faulting and is remarkably well preserved. 
The bedding dips at an easy angle of 20°—40° towards the W., and even 
primary features of sedimentation, such as ripple marks and sun-cracks, 
are fully preserved, while in the southern area they are wanting, and as 
the rocks within the »cauldron uplift» are graywackes only, they may 
never have existed. While the sediments of the upper Loos series are 
strongly folded, especially within the Loos area proper, the sediments 
of the Noppi formation, even where they are steeply tilted, as, for 
instance, S. of Alvho, do not show anything but a continuous primary 
sedimentation, running from older strata in the E. to younger ones in 
the W. Slides, which may have occurred occasionally, have not reversed 
the sedimentation order between the different layers. 

An actual primary folding of the Noppi sediments has nowhere been 
observed —- except perhaps at the S.W. corner of the Alvho area, 
where graywackes and slates at Lekattkélen form a small secondary 
syncline, possibly originating in the drag accompanying the fault dis- 
placement. 

A secondary folding, the folding axis running N.S. parallel to the 
eastern intrusion front of the great Dala porphyry area, may occa- 
sionally be observed. 

The Noppi porphyry also displays evident traces of this orogenetic 
pressure from the W., in the form of a secondary banding, lying at an 
angle to the direction of the original flow of the porphyry — a feature 
already observed by SvepMARK. The feeble tectonising of the contact 
between the upper Loos sediments and the overlying porphyry at Noppi- 
koski might, perhaps, be explained by the dragging effect caused by 
this secondary pressure at the contact between two rocks of very diffe- 
rent physical character. Analogous fracturing and thrusting on a minor 
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ale are, for instance, described by Hotrepaut in his previously cited 
auper. Kven if no very complicated folding of the Noppi series can be 
1own to have taken place they must, nevertheless, have been raised 
msiderably higher above the sea-level of those days than the sedi- 
ents of preceding epochs, as is confirmed by the extensive conglo- 
erates lying unconformably on top of the eroded sediments. This is 
so proved by their erosion down to the depths of the plutonic granite 
f, of the Alvho area, which granite is directly overlain by the basal 
mnglomerate of the Dala series. 

Finally, a few words may be said about the jotnian sediments of 
10se Dala series, represented mainly to the W. of the Ama, N.W. of 
madalen and in two large areas at the southern margin of the map. 
1 the main, — disregarding vertical block-movements —-, these sedi- 
ents lie »in situ» just as they were deposited; often quite horizontally, 
mmetimes with a shght 8.E. dip, but for the most part with a slight 
ip of a maximum of 10°—15° to the S.W. Partly this may be a primary 
dimentation on a sloping bedrock, partly it may be connected with 
subsidence of the country rocks towards the well-known dislocation 
‘ea around Lake Siljan in Dalecarlia, or towards the central part 
‘the great Dalecarlian porphyry area. In any case, there are no signs 
hatever of any mountain folding having taken place in jotnian or 
yst-jotnian time, the post-volcanic tectonics in those days seemingly 
uving been confined to faultings and slow regional subsidence of the 
isin areas, where the sediments had been deposited. In this respect 
ey show a marked similarity to the sedimentation conditions assumed 
_sub-Loosian as well as Loosian and Noppi times. 

Consequently, when summarizing the recorded tectonic displace- 
ents of the three great sedimentary epochs of various ages in the 
o0s-Hamra region, following upon the great regional diastrophism 
‘the migmatites, we may say that those tectonics seem to have been 
ainly governed by local stresses produced by the intrusion and ex- 
usion of plutonic and volcanic rocks, and by a comparatively slight 
ountain folding, intimately connected with the N.W. dislocations 
1d cross-faults accompanying the emplacement of the magma. During 
e whole of this long period there hardly occurred any regional folding 
iginating outside the range of the rocks represented within the region, 
cept, perhaps, the big uplifts of the area, preceding the Noppi and 
e jotnian epoch. The regional influence is confined to the slow 
aking and uplifting of the ground along zones of weakness parallel 
the N.W. strike of pre-Loosian times, locally overruled, as in the case 
the E.—W. folding N. of Loos, due to the orogenetic pressure of the 


itan granite. 
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The region undoubtedly constitutes part of a very stable resistance) 
block, and this may explain the unique preservation of the stratigraphi 
records of such a long history of the development of the pre-Cambria: 
under cover of voleanic flows, while in most other places within Fenn\ 
scandia strong regional orogenetic activity broke up the protectin 
effusives during the accompanying folding, and the subsequent erosic 
left nothing but fragments which are difficult to interpret. In the Fi 
I have endeavoured to draw a picture of the tectonics described aboyv 
and I would also refer the reader to the special sectional map appende 
to this memoir. 


The Stratigraphy of the Region. 


In order to give a comprehensive view of the stratigraphy resultir 
from my researches within the Loos-Hamra region, I used in my pr 
liminary report a new type of schematical diagram which speaks i 
itself, and which I reproduce in Fig. 3, slightly altered to accord wit 
the somewhat modified view set out in this memoir. 

The left vertical boundary line of the diagram represents the strat 
graphic sequence occurring within the appended map. The obliqr 
upper part of the boundary stands for still younger Dala series beyor 
the southern margin of the map, between Amadalen and Orsa. Tl 
age-sequency established in connection with the Loos-Hamra regio: 
consequently, covers a longer span of time than that of this memoi 
Reference has already been made to this extended survey of the Em 
dalen—-Orsa area, which the present author hopes shortly to make tl 
subject of a special paper. 

The various plutonic rocks are represented as intersecting their ov 
effusives, which also include the tuffitic members of their period | 
volcanic activity. In all instances an intersection of the primal 
pyroclastic rocks has been observed in the field, except in the ca 
of the Ratan granite. As, however, the Riitan granite is unquestionab 
the parent magma of the Noppi porphyries, the theoretical possibili 
of such an intersection may be taken for granted. 

A few quantitatively subordinate rocks are omitted from the diagrat 
viz, the albite and andesinite dykes within the Loos-greenstone, t] 
alkaline diabase at Noppikoski, and the quartz-porphyric granophy1 
dykes within the doloritic diabase at Stensjén. 

The divisional nomenclature employed in the diagram is fully 4: 
cussed in the concluding chapter of the present memoir (cf. p. 33% 
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The Lower Archean (Syeonian Cycle). 


No formation directly comparable with the leptites of Central Sweden 
is found within the present region, nor does such a formation exist 
within the whole province of Halsingland, if the word leptite is taken 
in its petrographic sense. The word leptite was introduced at the In- 
ternational Congress of 1910 in Sweden as a term for felsitic rocks of 
recognisable volcanic or pyroclastic primary texture, constituting the 
oldest known earth crust, brecciated by the earliest granites. 

Hither the present erosion level within the region is a considerably 
deeper one than that of Central Sweden, or else the metamorphic stage 
is much more advanced. In both cases the result should be an almost 
total obliteration of the primary features of those rocks which, originally, 
were true leptites even in the textural sense. When using the word 
leptite, however, the author does not refer to any textural type of 
rock, but merely wishes to express that the rocks thus termed, whether 
volcanic or sedimentary, are of the same age as the leptites of Central 
Sweden, irrespective of texture and volcanic origin. This broadening 
of the sense of the term, from being the petrological designation. of a 
certain type of rock to one embracing the whole series of different rocks 
within this formation, is, too, generally accepted by Swedish geologists 
to-day. 

The correlation of the Loos-Hamra-leptitic areas with the unquestion- 
able leptites of Central Sweden is based on the successive grading of 
the latter rocks into the schists of the present memoir, observable 
along the profile of the E. coast, previously described by the author (2). 
The leptite area round Hamrange, for instance, and its small iron-ore 
deposits, display such similarities with the true iron-ore-bearing leptites 
of Torsaiker to the S., that their correlation cannot be doubted. Fol- 
lowing the leptites towards the N., a striking increase in metamorphism 
is noted, which gradually advances more and more the deeper one 
gets into the granitic areas of the province of Hiilsingland. The same 
metamorphic phenomenon is repeated farther westward on passing from 
the true leptites of S. Dalecarlia to the migmatite areas of Loos. 

We find exactly the same evolution which Magnusson has described 
from Sédermanland (23), where he has shown the leptites of Central 
Sweden (Bergslagen) southwards, to be subjected to an increasing 
metamorphism grading into the pegmatitized and granitized areas 
of the so-called Sérmland-gneisses. He has also shown how a careful 
study of the transformation makes the mapping of the original leptitic 
areas possible, even when their major parts are diluted to »spectral 
shadows» of more or less concentrated, but often tectonically and 
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ven stratigraphically oriented, leptite-material within the eneiss- 
ranite. 

Any »basement» to the leptites of Central Sweden has never been 
ound and may still less be expected to occur within the Loos-Hamra 
egion. In the immense magma-ocean into which the leptitic land- 
irea subsided, granite injections, orogeneses and thermo-metamor- 
yhism have so recrystallized the leptites along the contacts that an 
riginally finely-grained leptite has certainly been altered into coarse- 
rained gneiss. Leptites and granites alike have acquired the same 
meissose texture by convergent metamorphism, and this certainly, 
it considerable distance from the underbedding which, of course, once 
xisted but is now undecipherable, even if it were found exposed. 

The leptite areas of the Loos-Hamra region are situated mostly within 
ts K. districts, where large or small xenolithic fragments occur of still 
ecognisable primary sedimentation. Within other parts of the district, 
nore advanced metamorphism has changed the leptites into biotite- 
chists grading into garnet-sillimanite-cordierite-andalusite-gneisses. 
[he largest areas, however, are occupied by more or less homogeneous 
nigmatites, sometimes with a dominating percentage of leptitic material, 
jometimes with a material so diluted that one may be in doubt as to 
whether the rocks should be considered a migmatitized leptite or a con- 
aminated granite. All these migmatitized and mostly schistose rocks 
1ave a characteristic N—NW. strike and a vertical dip. The brec- 
jating and migmatitizing granites are, respectively, the earliest archean 
ranites (SEDERHOLM’s Group No. I) and the Mansj6 granite (SEDER- 
rorm’s Group No. II). 

The migmatites of the present region have not been subjected to 
ny really detailed study, the main interest of the present survey 
yeing concentrated on the younger rocks. The treatment of the old 
rehean is, consequently, rather cursory, and the map-boundaries 
yetween granites and migmatites must only be taken as approximative, 
ndicating a dominating amount of the one member or the other of the 
matexis process, only the larger features of distribution being empha- 
ized. In the field, consequently, small areas of migmatites not shown 
m the map may be found within the gneiss granites or small areas of 
ranite may occur within the migmatites. 


The Leptites of Primary Sedimentation 
Features. 


To this group belong the iron-ore deposits at Gymas, Risasen, Norr- 
ruvan, Giddtjarnsberget, Njupaklitt, Kivanhoberget and Risberget, 
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Fig. 4.7 Sectional Diagram of drill-hole through the Gym&sberget Iron Mine. 


moo. H. 2.| THE LOOS-HAMRA REGION. 159 


ie graphite schists at S. Svensbo, and the eulysite-limestone series 
-Mansjé Mt. and Loberget. 

The iron-ore leptites of the three localities first-named are typically 
1artz-banded magnetite or hematite ores of the usual Central Swedish 
pes, the quartz bands sometimes being partly or wholly displaced 
y skarny-minerals, such as, hedenbergetic pyroxenes and green horn- 
ende. When making a drill-hole through the Gymias-ore deposit 
ig. 4), the author encountered a layer of alternating fayalite and 
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Fig. 5. Section of the Gaddtjarn series. 


vgnetite, reminding one of the eulysite of Mansjén, garnet being 
sent, however. 

Several small pure fayalite-quartz veins were also traversed by the 
Wl. They proved to be of the same type as those previously found 
outcrops and described by the present author in his Mansj6 memoir 
evidence of a late magmatic origin of the eulysite. They will be further 
cussed below. The record of the drill core given in Fig. 4 furnishes 
idea of the average composition and stratification of the Gymas 
-bearing leptites. 

[he leptite formation at Gaddtjarnsberget and Njupaklitt is some- 
at different. Its tectonic emplacement has already been mentioned 
the previous pages (cf. p. 136) and an approximate diagram of 
, sequence is given in Fig. 5. The uppermost part of the sedimenta- 
n series is occupied by quartzite (Analysis No. 1). This rock is 


160 


HARRY VON ECKERMANN. 


Analysis Nr. 1. 
Quartzite from Njupaklitt 


(Wx -2 


30). 


Analyst: H. von Eckermann. 
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Analysis Nr. 2. 
White Quartzite, rich in Plagioclas: 


Gaddtjarn Mine 


(Wx - 274). 


Analyst: N. Sahlbom. 


ES: 


Spotty Leptite, rich in Biotite. 


Mol. | Actual mineral Mol. | Actual minera, 
% Prop. composition % Prop. composition 

x 100 % x 100 % 
SiO, 87.27 |145.31 | Quartz. . 80.9| | SiO, 86.31 |143.71 | Quartz. . 66. 
MiOF 0.44} 0.55 | Chlorite Sp AO, tr. — | Plagioclase 
P,0, 0.07| 0.05|Muscovite. 6.6 | | P.O, 0.08! 0.06} (Ab,;An,3) 30. 
Al,0; 5.98| 5.87) Albite . . 2.2] | Al,O3 7.58| 7.45| Biotite. . Vz 
Fe,0, 0.25} 0.16/Ores... 0.8] | Fe,0, 0.09} 0.06| Apatite. . 0. 
FeO 8.01| 4.19| Apatite. . 0.24 | FeO 0.40} 0.56 “700. 
MnO 0.00 — 100.0 MnO tr. — ; 
MgO 0.80} 1.98 | : MgO 0.12} 0.80 
CaO 0.09 0.16 CaO 2.49 4.44 
Na,O 0.26| 0.42 Na,O 2.42] 3.90 
K,O 0.78} 0.83 | K,0 0.85| 0.37 
EO Foi eee 0 Iya Oc HOF 294) Ob) 083 
Ome G00 — HO e002 

99.96 Sp. gravity C: 2.681 | 10-04 Sp. gravity a C: 2.65 


Analysis Nr. 3. 


Giaddtjirn Mine (Wx- 279). 


Analyst: N. Sahlbom. 


Mol. wwe 
% Prop. Norm Boe wise F 
x 100 2% System 
SiO, . 64.36 |107.16'Q . 20.54 | Plagioclase qz . + 69 
iOhe 0.625 O78 Or. 11.10| (Ab, Any) . 55.6] si 237 
IAD, ¢ O15) Ons Abe 31.42] Quartz . . . 25.4] ti Ly 
Al,O, 19.85] 19.47) An. 24.18 | Biotite. . 15.0} al 43.0 
Fe,0, eat ie AUR ne 2.85 | Sillimanite. . 3.8| fm. . 19.5 
FeO PLC 16 SiSes gal 90.09 | Apatite . Oren 20.5 
MnO 0.01} 0.01) Hy, 7.86 400.0 | alk 17.0 
Mgo 2.781 6.89 | wn ee 0.0! mg 0.7 
CaO . 6.9%.) - 9.90h er 1.20 k..¢ ee 
Na,O. 3.70} 5.97] Ay. 0.55 c/fm . 1G 
Kom 1.85 L963 
H,0 + 106° 0.15} 0.83 ak 9.86 
20 0.15 
100.10 
100.08} Quantitative System: I: 4: 3: 4 — Yellowstonose. 
| H,0-105° a, 0.05 Or; Ab: An Ere: 16.64: 47.11: 36.25. 
| 100.13 Sp. gravity a C: 2.702. 


entirely recrystallised and overlies a felspathic quartzite (Analy 
No. 2), containing about 30 % andesinic plagioclase, Ang;, 801 
reddish-brown biotite and poeciloblastic cummingtonitic amphibo 
l(y—a)isco= 0.033; 2Vss0 = 80°; e/., — 13°} 


‘ The numbers within brackets refer to the specimens of my collection. 
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Fig. 1. View from the watch-tower of Ryge 
archeean hills. 
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‘ig, 2. View from the watch-tower of Ryggskog towards the southe 
rreenstone hillocks. Older Loos quartzite of the foreground rests uncorf« 
ably on Loos quartz-porphyries in the middle distance. 
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ig. 1. Fine-grained leptitic sediment at Gaddtjiirn, Woxna. Ord. 


light. 
Magnif. < 10. 


\g. 2. Gray leptitic gneiss SSW Ovre Brobere 


g, Woxna. Nic. +, 
Magnif. x 10, ip 
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Fig. 1. Banded gray migmatitized leptite. W side of Fetingsklacken E 
of Loos. Ord. light. Magnif. X 10. 
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Fig. 2. Migmatitized leptite at Nilsberget W of Lobonis. Ord. light. 
Magnif. < 10. 
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Fig. 1. Dark-grey migmatitic garnet-gneiss. Crest of Se 
Ord. light. Magnif. « 10, 


Imaberget. 


Fig, 2. Gray garnet-gneiss. SSW of Lillejsjén. Ord. light. Magnif. < 10. 
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with remains of primary banding of migmatitized leptite. 


Garnet-gneiss ‘ ( 
? Vintjirn, Woxna. Ord. light. Magnif. x 10. 


() 58 Pr, vee 
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Very coarse garnet-gneiss. All traces of tl 
are obliterated. S¢ condary chloritization o 


Ord. light. Magnif. x 10, 


1e primary features of the leptite 
f the garnet along the cleavages. 


>Eclogitic> migmatite at Nilsberget, W of Lobonis. Round, composite grains 
of pink garnet (light-gray) and quartz (white) lie in a base of green horn- 
blende (dark) and plagioclase. Ord. light. Magnif. x 10. 
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Fig. 1. Fine-grained leptite-inclusion in Mansj6 granite. Amphibole-rims 
(dark) surrounding the quartz-grains. Ord. light. Magnif. X 55. 
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ae »Breceia>-pegmatite at Broberg, Woxna. Optically homogeneously 
ae nted pink microcline occurs as a net-like growth (centre of picture) 
independently of the joints between the quartz-grains. Nic. +. Magnif. X 10 
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Fig. 1. Quartzite within the Leptite Series of Giddtjirnsberget, Woxna. 
Nic. +. Magnif. < 10. 
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Fig. 1. Microcline filled with rutile-microlites. Pegmatite associated with the 
Hylen granite (Group I).-Ord. light. Magnif. X 10. 


Fig. 2. The same as Fig. 1, at higher magnification. Ord. ligh. Magnif. x 55. 
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{op, an oligoclase-andesine twin. 


Nic. +. Magnif. < 10. 


Mansjé granite from Hassjaberget. At the 
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Fig. 1. Implication-structured microcline of the migmatites east of Svensbo. 
Nic. +. Magnif. < 10. 


Fig. 2. »Spotty> leptite at Giiddtjiirn, Woxna. Poeciloblastic amphiboles. 
Ord. light. Magnif. * 10. 
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Poeciloblastic amphibole of »spotty» leptite at Giddtjirn. 
Ord. light. Magnif. x 59. 
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r streaks of sillimanite in migmatite SW of L: 


ake Daasen. 
Ord. light. Magnif. Sally: 
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Fig. 1. Cordierite-pseudomorph from gneiss-granite at Enfotaberget, ioe: 
The cordierite is altered into a green isotropic substance. To the left, 
andalusite. 


Pig. 2 Cordierite-pseudomorph from Algkosberget, Woxna. The cordierite 


ae 


i ; ite ( ight and left) and actino- 
s altered into green chlorite (upper centre, bottom right and 
litic amphibole (centre). Ord. light. Magnif. < 35. 


) 6 158 Pu. XV 
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Plicated Sub-Loosian quartzite at Storkvarnberget. Small gray grains (for 
instance in the centre [left arrow] and to the right [right arrow]) are tour- 
maline, which is almost the only mineral occurring besides quartz. 

Nic. +. Magnif. < 10. 
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Analysis Nr. 4. 
Banded QGneissose Leptite. Gaddtjirn Iron Mine (Wx - 271). 
Analyst: H. von Eckermann. 


ee 


Mol. Actual mineral Aten 
% Prop. Norm composition Niggli’s 
x 100 y System 
; eS eS 
mee: .| 65.71/109.41/Q . . . 29.16] Plagioclase 7 
| 22. qz. +77 
M0, ...| 145) 1e2/Z ... 0.91] (AbgAn,,) . 30.0] si. . 291 
(a O10; 0.07)/Or... 31.76|Quartz ... 97.8/ ti .. 4,88 
1,03 -- .| 18.25] 17.90) Ab. . . 26.20|Microcline . . 13.9| al . . 47.5 
‘e205 ---| 026] QO16/An... 3.58|Sericite. .. 94] fm.. 19.5 
oe 1.35 Pea; 2: = 6.01) Biotite ... 60|/c .. 45 
mO...-| 0.01) 0.01|Sgal. . 90.69|Sillimanite. . 5.4] alk. . 28.5 
[gO 2.09) 5.18 Hy. 5.21 | Cordierite .. 3.6|/mg.. 0.70 
a0 0.88) 1.57) wi. 0.20 | Titano-magne- Kee O58 
(a0 3.08] 4.97! Hm Os) ulten eee c/iim . 0.25 
. Set A554 Thm 973|Zircone ... 0.9 
BOF 110 0.66| 3.66] ay. 0.gg|Apatite ... O28 
~, eee POETS tem 8.55 100.0 
H,0 0.66 
99.83 
Quantitative System: I: 2: 2: 3 — No name. 
ig) 220° Pac 0.18 Or: Ab: An 20° “51. 61: 42. 57: 5, 82. ‘ 
1100.04 Sp. gravity ge C: 2.670. 


Immediately below, and at the bottom of the series, follows a spotted 
banded gneissose rock which undoubtedly constitutes a highly meta- 
rphic sediment. Its mode is given by analyses No. 4 and 3, re- 
ectively, the rock being conspicuous by its excessive alumina and a 
sh percentage of mica, sillimanite, cordierite, titano-magnetite and . 
con. The ores and the zircon are oriented in layers, indicating a 
mary sedimental concentration of heavy minerals derived from older, 
mpletely broken down, rocks of unknown origin. 

The peridotite underbedding the leptite sediment and separated 
m it by a »skarn» zone, does not show any relics of original bedding. 
may originally have been a basic dyke possibly connected with the 
rzburgitic dyke of Mansjé. 

A part-replacement of the olivine by serpentine and amphibole is 
obably due to the accession of solutions from the granite. The perido- 
e overlies unconformably the stratified rocks composing the base 
the series. The upper part of these rocks may be termed pyroxene 
eisses, the dominating minerals being a hedenbergitic diopside, green 
rnblende, bands of iron-ore and some beautifully green spinell. 
ey may constitute calcareous sediments, rich in iron, in an ad- 
need stage of metamorphism. They are intersected by pegmatites 
the Mansj6 granite exhibiting large biotite crystals, and are very 
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similar to the corresponding dykes of Mansj6 Mt. The basal rock 
are the leptites of analysis No. 3. ae “a 

The strong pneumatolytic influence of the Mansj6 granite 1s strikingl 
illustrated by the biotitic leptites at the top of the series, where, clos 
to the granitic contacts, the composition is as follows: plagioclase 
Ans¢_s7, faint yellowish-brown biotite, spots of leucoxene, some quart 
and numerous tourmaline crystals. This tourmaline is of an unusue 
pleocroic colour, ranging from almost colourless to heney-yellow, 
feature previously observed by the author within the leptites of Ham 
range on the Baltic E. Coast (cf. 3 p. 317). 

The pneumatic influence of the granite on the leptites is also appa 
rent by the formation of graphite-bearing schists at S. Svensbo, pre 
viously described by the author. Two recalculated analyses, Nos. 5—f 
from the writer’s previous paper on the said locality are given, as the 
represent roughly the same variation in mineral and plagioclase com 
position as the analyses of the Giddtjarn rocks, Nos. 4 and 1 respectively 
They are the exponents of two different metamorphic phases, th 
»biotite-microcline-basic plagioclase», and the »chlorite-biotite-acid pla 
gioclase», which may be supposed to have originated from a correspondin: 
primary chemical variation in the sedimentation. 

The plagioclase composition of the former type ranges from An,—An, 
and of the second type from Anj,—An4s, the leptites being at the sam 
time dominatingly potassic or sodic, respectively. Sometimes th 
plagioclase has been observed to be as basic as Ang;. The hasic leptite 
grade into amphibolites, as demonstrated by Analyses Nos. 7—$ 
such amphibolites being found as lenticular streaks within the mig 
matites, or as layers within the Mansjé syncline. They may originall 
be either basic sediments or highly metamorphosed intrusive dykes 
contemporaneous with the amphibolitic dykes of Central Sweden suc 
ceeding the first orogenetic and metamorphic activity of the oldes 
granites. They are never observed cutting the succeeding granite 0 
Group II. When migmatitized they are sometimes altered into »ecle 
giticy rocks or develop strange hornblende-rims around the quartz 
grains (Pl. VII and Pl. VIII, Fig. 1). 

Finally, there may be mentioned the limestone-eulysite synclinea 
leptitic fragments of Mansjé and Loberget. A detailed account of Man 
sj6 has previously been published (2), and the Loberget occurrene 
has been found to be in every respect quite similar'to it. The write 
would like to avail himself of this opportunity, however, to rectif 
an earlier conception of his regarding the origin of the eulysites, whie. 
he formerly considered to be pegmatitic hydatogeneous and _ hale 
geneous residual solutions of basic magma. The drill cores from Gymas 
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Analysis Nr. 5. 
Graphite-bearing Leptite. Svensbo. 


Analyst: N. Sahlbom. 
NN 


Mol. Hees 
% | Prop. Norm Mo die Niggli’s 
x 100 of System 
| er 
10,. . . .| 75.43/125.59/Q .. . 52.60| Quartz ... 58.9 qz . +297 
Mas es: 0.00 —|Or... 9.96} Plagioclase si. . 481 
eee 0,19 O18) AD. 2 18.84] (Ab,,An,,)) . 37.6] ti . 2 7000 
mv, -..| 10.88} 10.67|/An... . 5.29/Chlorite. .. 3.0/ al. . 41.0 
0 ae BES} (LIS) O 21) e447 | Zoisite 6... 5 951.9) fm... 290 
Mm . | 261/ 3.68] Sea)... 90.16|Pyrites ... 29/0¢ .. 9.0 
» 0.03; O04) Hy. . . 93g|Graphite. .. 1.0] alk. . 21.0 
mo... .| 1.09] 1.54/Mt. .. 975| Apatite... O0.4/ mg. . 0.20 
AO... . 130) 232) py... 2.86 ~ 4000; %.- - 0-38 
Mere. | 221) 356/45. . 0.40 Vefim . 0.81 
SIRE WGb so = 
2 4+ 105° matt feo em) 7) 6.39 
20 ave 1.07 5.94 
|H,0O . 1.07 
: 1.34 4.18 | C° 0.99 
0.99 oe ere 2 
| 100.61 
100.67| Quantitative System: I: 3: 2: 4 — Aisbachose 
-O — 5 aoe 0.50 Or: Ab: An — 29.22: 55.26: 15.52. 
Pi -1 °o ro 
ee. O89 Sp. gravity a C = 2.681. 
100.50 
Analysis Nr. 6. 
Sillimanite-gneiss (Sodic biotite-leptite). Sddra Svensbo. 
Analyst: N. Sahlbom. 
Mol Paes 
2 ; Mode Niggli’s 
% eit Norm e System 
mm ... ~| 62.18)103.45|Q .. . 13,038) Quartz .. . 182] qz. + 65.5 
Bre. oc. 0.15} O.19/Or. . . 18.89 | Plagioclase si. . 249.5 
ae || 0:23| O16)Ab. /~. 39.81) ~(Ab,.Am,) . 60.1| ti. .- 0.88 
BO, .-..| 21.38) 20.97| An. . . 20.86|Microcline. . 18/al .. 44.5 
mr. | «6064) 040/00 ... 38.46|Biotite .. . 115) fm... 17-5 
i. . | 0.84) “1.17| Seal. . 91,05 | Sillimanite. . 7:2|.¢ . . -170 
mO....{| 0.01] O.01|/Hy, . . 623|Apatite ... 0.5) alk. . 21.0 
eee ee|). 2.52) 622 )uMi. ... +0.g¢{Pyrites ... O07 mge = O76 
ae A429) 8.00). 6 0.29 100.0|%.° - 0.25 
/ ee 468} 7.55|/Py... 0.88 Sahl celssiny (OB): 
ca ae aa oe Rp en 001 
O Soh tad 03 UDiepeee a a ra 
2 fem . 8.74 
~, ge 0.41 1.28 
Ora 0.78 
100.52 ae 
ee ee 
100.53 Quantitative System: I: 4: 3: 4 — Yellowstonose. 
B= 8. . 0.15) Or: Ab: An — 18,78: 53.39: 27.98. 
SE oe Sp. gravity we C = 2.666. 
| 100.54 
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Analysis Nr. 7. 
Amphibolitic leptite-gneiss. Sodra Svensbo. 


Analyst: N. Sahlbom. 
a 
Mol. 


| . ee 
Mode Niggli’s 
4 Prop. Norm 
* | PMB ; Sree 
Le ee ee 
| SiO Se 69.59 | 115.87 | Q 33.88 | Quartz 38.3 | qz . +140 
TliOw. oe 0.50| 0.62) Or 9.99 | Plagioclase si . 296 
210) Oda OR baIeA bie 19.38| (Ab,;,An,,) . 37.2| ti 1.74 
Al,O3 15.01| 14.72| An. 23.69 | Hornblende 12.5 | al 37.5 
Fe,0, Opea OIE GL 0.92 | Biotite 9.3) fm 26.0 
FeO NO || GREET Ss) 87.86 | Pyroxene 1.0} c¢ 22.5 
| MnO 0.04} 0.06) Hy. 954|Titanite... 0.9] alk 14.0 
MgO 2.79) O92 Tin 0.93 | Apatite and mg 0.68 
CaO 5.01} 8.93] Mt. 0.45| Zoisite 0.6) k 0.33 
Na,O 2.28| 3.68| Ap. 0.65 | Pyrites 0.2) c/fm . 0.88 
Oe 1.67| 1.77|> ~ 
H,0+ 108° 0.27| 1.80) 7 fem nee AAD 
Sy Acieceremeen ac 0.01 0.038 ~ eee 
99.70 
Quantitative System: I: 3: 3: 4 — Rang Riesenase. 
H Q- 105° 0.06 Or: Ab: An ey 8.82: 36.53: 44.65. 
: — Sp. gravit 20 C = 2.682 
99.7 Pov ST BNTAYS Pe ae 
Analysis Nr. 8. 
Amphibolitie leptite-gneiss. SE of Lake Grycken. 
Analyst: H. yon Eckermann. 
Mol. + eas 
% | Prop. Norm Mode Ake: . 
x 100 % feb 
| SiO, . 65.95} 109.81/Q . 31.41 | Quartz 82.5] qz . +115 
| ies. 0.66| 0.83] Or. 8.35 | Plagioclase B10 (57209 
Loe 0.25] 0.18| Ab. 16.80| (Ab,,Any.) . 82.5] ti 2.29 
| A1,0, 14.02| 13.75| An. 25.82|Biotite. . . . 22.5| al 82.5 
| Fe,O, DEO SORES SS 81.88 | Hornblende and fm « . 330 
FeO 3.97| 5.58 | Hy. 12.37| Pyroxene 8.6} ¢ 23.5 
MnO 0.08) 0.11) wit. 1.60| Titanite. .. 1.6) alk 11.0 
MgO 2.81] 6.99] Tim joy Onc 1.7| mg 0.50 
at ne? Pee Ap. 0.64 | Apatite 0.6| k 0.32 
a 2.01 eal: TS arann in) Cee 0.71 
bE, 141| 1.50 mab ey 100.0 
HOtue 1.86] 10.32] "2 me 
99.59 
ee es Oe es ee 


Quantitative System: II: 3: 3: 4 — Sitkose. 
Or: Ab: An — 16.54: 33.29: 50.17. 


0.10 
at, C = 2.861. 


| 99.82 


H,O-105° | 


Sp. gravity 


having disclosed an unmistakable primary banding of iron-ores an 
eulysitic fayalite rock, a renewed study of the Mansjé eulysite prove 
necessary. The latter, however, shows no banding but almost a bre 
ciation of the gneissose leptites. 
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Analysis Nr. 9. 
Amphibolitie Leptite-Gneiss. North of Mansjo. 
Analyst: H. von Eckermann and G. Haglund. 


Niggli’s 
x 100 9% System 
Se ae ee ee ee ee 
62.72 | 104.43/Q . 23.96 | Quartz . . . 26.6/ qz.+108 | 
0.71) 0.89] Or. 9.58 | Plagioclase sil . . 262 
* 0.30] 0.21]} Ab. 23.62] (Ab,An,,) . 37.8] ti . . 1.96 | 
12.91| 12.66 | An: 18.09 | Hornblende and al. 2) 280 
L123) 0.70) S51 75.25|  Pyroxene . 15.8) fm. . 36.0 | 
5.16] 7.18] pi. 7-23)| Biotiteneos ss 15.6) C. .. 1) 22!5 
0.10} 0.14 | gy Sree evr eee ke alk. . 1Bt5 
MgO 3.50} 7.69 | it 1.69 | Titanite. . . %416)mg.. 0.47 
JaO 276) 10.27 iti . . t3¢) Ores. ir. Leehe lx 0.27 
Na,0 2.81 4.53 Pr... 9.97|Apatite ... 0.7] c/fm 0.63 
ZO . . 1.62 1.72 Ap. 0.69 maa 
T,0+i05 3.66| 14.77|— we 
——————- 0.69 =e 
H,0 2.66 
99.84 
Quantitative System: II: 4: 3: 4 — Tonalose. 
T,0-195° 0-21 Or: Ab: An — 18.68: 46.05: 35.27. 
| oga7| Sp. eravity “. c = asses. 


I have arrived at the conclusion that perimagmatic products are 
rtainly responsible for the origin of the eulysites, but that these 
oducts are derived from the Mansj6 granite and not from the rest- 
fferentiate of a basic magma. They do not constitute the sole com- 
ment of the eulysites, however, but have acted as a metamorphic 
ent on sediments originally very poor in alkalies and lime but rich 
iron, such as quartzitic ore-sediments. 

During the process of metamorphism, all the original quartz-ore- 
nding has been obliterated and an almost homogeneous rock has 
en formed, occasionally including fragmental relics of the older 
dimentation. This homogenisation must certainly indicate an intense 
obilisation of the molecules, probably at very high pressure as evi- 
nced by the formation of garnets. Consequently, I still believe 
at the halogeneous residuals of the pegmatitic solutions must have 
en an important factor of the metamorphism and that the chemical 
actions conceived in my previous paper (pp. 290—291) have been 
‘gely instrumental in this metamorphic evolution. The main dif- 
‘ence in the writer’s present view lies in his now considering these 
emical reactions to have taken place autogeneously as far as the 
m is concerned. 

The very minute quantities, or the even total absence, of chemically 
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Analysis Nr. 10. 
Eulysite. Loberget Hill (Wx - 257). 
Analyst: J. Petrén & H. von Eckermann. 


rd 


ls N Mode Niggli’s 
% man gt a 9 System 
a ee 
Sio,. . . .| 89.89| 66.42|An... 7.40|Fayalite. . . 76.6/ qz . +730 
TiO... . .{ 0.08] 0.06| Seal... 7.40|Quartz ... 125/si . . 830 
P,0,.. --| 0.25} O18|/Hy. . . 58.34/Garnet .. - 9:8] -ti, <= = 
Al,O, ...| 204] 2.00/o7 . . . 32.30|Apatite .-. - 0.6) al. . 2.5 
Fe,0, . | 0.40} O25|ue... O.e2|Pyrite. ... 0.5|/fm.. 909 
HeOsee & «i 42.17) 58:70 Fin) | oe O12 100.0 CG. eee 
MiOieree 6.88 9.70 Py) te 28 | alk... O@ 
MgO...-. .| 4.50) 1116/4... 0.57 mg... O08 
(GENO g arenes 3.85 5.97 Sfem. 92.18 ku 0 
Na,O 0.00 —|~ san c/fm . 0.09 
fOr ans 0.00 # 99.58 
H,0*105° 0.00 = 
WAGhc « 0.00 — 
Cr,0, 0.00 — 
Me ke 0.09 0.28 
1 (OWS) o tr. — 
Quantitative System: V: 1: 2: 1: 1: 4. 
HO - 105° 6.00 Or: Ab: An 20 0.00: 0.00: 100.00. 
2 . . . oO 
99 62 Sp. gravity 4° C = 8.959. 


bound water and alkalies in the eulysites (cf. new analysis No. 1( 
do not agree with any normal metamorphism through the accessi@, 
of hydatogeneous rest-differentiates. Even if fayalite may be forme 
in simple thermal metamorphism in contact auroles, this can hardl 
account for the present peculiar metamorphism which seems to be boun 
to the presence of adjoining granites unusually rich in pneumatoliti 
compounds, such as, for instance, those indicated by the sometime 
very high percentage of chlorine and fluorine-apatites, tourmalin 
etc. 

The initial metamorphic phase is characterized by orthosilicate: 


and only a later metamorphism produces metasilicates, the meté 
morphic sequence being: 


No alumina present: Alumina present: 
Fayalite + quartz Fayalite + garnet + quartz 
Hyperstene + quartz Clinopyroxene + quartz + garnet 

y Griinerite + quartz y Hornblende + quartz + chlorite 


Maybe one may predicate a metamorphism under conditions chi 
racterized by very high pressure as well as by the presence of hig 
temperatured volatiles, mainly consisting of chlorine and reducir 
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sents, such as hydrogen. This metamorphism must have led to the 
itogeneous creation of a mobile fayalite-quartz-liquid, as testified 
y the fayalite dykes at Gymas, to which reference has already been 
ade and the true character of which is that of autogeneous fissure- 
“ins and not exogeneous dykes. 


The Migmatites, 


There are no definite regional zones of metamorphism within the 
igmatite region, the zones being locally arranged according to the 
ze of the xenolithes and the predominance of the granites. The 
lorite-zone, for instance, is preserved only within the central parts 
some of the xenolithes, such as the quartz sediments at Giaddtjarn., 
he biotite zone is most in evidence, but a more advanced metamor- 
1ism is represented within large areas by cordierite-sillimanite-garnet 
id sillimanite-andalusite-garnet-gneisses. 

Every transitional stage from the leptitic biotite schists to pre- 
yminatingly granitic garnet-gneisses is represented (cf. Pl. II—VI) 
id the chemical composition ranges from intermediary to very acid 
cks, which latter may originally have been quartzitic sediments 
f. Analyses 11—12). 

The garnet biotite schists also show a consecutive grading into 
wnet-biotite-cordierite-schists and microcline-cordierite-andalusite- 
uscovite-biotite-schists. The latter are encountered mostly within 
eas of large granitic percentage, or close to the younger granites 
herever a decline of the stress-factor at high temperature (cf. 11, p. 
55) may be assumed. The increase of potash-felspar is accompanied 
7 a decrease of biotite through conversion of the latter, as well as by a 
placement of garnet by cordierite. 

The andalusite-bearing migmatites are also bound to the most gra- 
tic parts where the shearing stress has relaxed and, consequently, 
e intimately connected with the injection of the pegmatitic solutions 
the Mansjé or old Archzan granite. In the vicinity of Hylstro6mmen, 
r instance, the crystallized leptitic fragments with secondary felspar 
Augen») are very rich in sillimanite and andalusite. This sillimanite 
ems to be of a later generation than that of the »primary» schists, 
veloping much bigger crystals intergrown with the andalusite along 
e c-axes, the a- and b-axes being crossed, — a mineralogical feature 
srth noticing. The composition of the plagioclase is An,; and the 
crocline is almost absent, while a reddish-brown biotite is conspi- 
ous. A retrogressive metamorphism at a relaxing stress is strongly 
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Analysis Nr. 11. 
Garnet-gneiss. Fetingsklacken (Ls - 25). . 
Analyst: R. Blix. | 
Mol. Mode Niggli’s 
% Prop. Norm Seat 
x 100 % akg 
_ Ne a re 
SiO, . 80.98 | 184.83 | Q 70.57 | Quartz 69.0) qz . +444 
TiO, 0.14] 0.18] Or 4.45 | Garnet MMe He 5 5 8! 
P.O, 0.01] 0.01] Ab 1.01|Sillimanite. . 9.5| ti . . 0.75 
Al,O3 9.02} 8.85| An. 0.57 | Biotite 4.9) al 37.0 
Fe,0,, 1.38] 0.86;C .. . 7.85| Plagioclase fm 58.0 
FeO 4.81) 6.00| Seal. . 94.40| (Ab,gAn,,). 18)e ; 1.0 
MgO 2.86) 5.85) mt 2.02 palmes 0.48 
CaO 0.13 0.23 | Tim 0.28 Kr Ge 0.80 
Na,O 0.09} 0.15 > fem 14-76 e/fm 0.01 
KOs a 0.75| 0.80) Fo 0.76 
EO t°52 O76) 4:22) 2 = 
99.97 
| Quantitative System: II: 1: 2: 2 —. 
H,O- 18° 0.26. Or: Ab: An aa 73.79: 16.75: 9.46. 
100.23 | Sp. gravity “4> C = 2.685. 
Analysis Nr. 12. 
Garnet-Sillimanite-Gneiss. Fetingsklacken Hill. (Ls - 567). 
Analyst: R. Blix. 
Mol. Jos 
x Prop. Nora Mode ea 
x 100 % Wao 
SiO, 72.35 | 120.46/Q . 50.99 | Quartz 58.2| qz . +229 @ 
iO O21) O261 Or 10.62 | Garnet 20.0| si . . 365 
P,0, 0.02| 0.01| Ab. 5.71 | Biotite 12.2 ti 0.84 
Al,O5 10.61) 10.41] An. 1.11] Sillimanite. . 7.7] al 31.5 
Fe,0, 1.38} 0.88|C . 7.14 | Plagioclase fm. . 58.5 
FeO 8.59| 11.96| Seal. ¥B.87| (AbggAn,,) . 6.9] ¢ 1.0 
MnO 0.66| 0.93) Hy, 20.68 joo | See 
MgO 2.00} 4.96) Mi. 1.91 aj) ee 0.26 
CaO 0.22} 0.389] Tim 0.438 eee 0.65 
Na,O 0.65 1.05 fom. be e/fm 0.02 
Oba 183} 1.94/57 bs ob 
H,O+* 105° 1.07} 5.94| 229 -_. 1.07 
99.56 
99.56 | Quantitative System: II: 2: 1: 2 — not represented. 
H,0- 105° |, 0.32 Or: Ab: An =a 60.89: 32:74: 6.37. 
99.88 Sp. gravity we C= 2889. 


W. of Voxna at Selmaberget and at Enfotaberget a gneiss-granit 
is predominant, containing only a small amount of recognisable leptiti 
material but being conspicuous by its andalusite and-sillimanit 
content together with some biotite, muscovite and large greenisl 
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seudomorphs of cordierite (Pl. XIV, XV.). Where the sillimanite 
itersects joints of microcline and cordierite, they are marginally 
onverted into a reddish-brown biotite. 

In this connection a few words may be said about the metamor- 
hism of the cordierites, which, within the migmatites and contaminated 
neiss-granites respectively, show a somewhat different character. 
n the former rocks the metamorphism generally takes the usual form 
f pinitic, finally laminar, muscovite-alteration, starting from the 
leavages or partings, whilst in the latter rocks the praseolitic chlorite- 
Iteration is the common feature. In some gneiss-granites, however, 
n almost isotropic yellowish-greenish substance is formed, sometimes 
atergrown with green biotite or, in exceptional cases, with antophyllitic 
mphiboles (cf. Pl. XV), this alteration product being of distinctly 
ositive optical sign and having an axial angle of a few degrees only. 

Sometimes the metamorphic product is less isotropic and of a more 
ure yellow-brownish colour, the optical sign being negative and the 
xial angle 10°—15°. Both optically positive and negative cordierite 
ecurring within the migmatites, the sign of the alteration product is, 
enerally, but not always, the reverse of the fresh mineral. Even the 
trongest magnification fails to reveal any flakes of chlorite, the weak 
olarisation, consequently, probably being of ageregative character. 

At the contact towards the Ratan granite on the 8.E. shore of Lake 
Jaasen the cordierite-sillimanite-gneiss is very rich in muscovite, 
thile andalusite and biotite are wanting. The muscovite, which is 
ighly poeciloblastic, certainly owes its presence to pneumatolitic 
nfluence from the granite. The cordierite encloses an unusually large 
mount of zircon crystals surrounded by pleochroic haloes, colourless 
n sections ||y and yellow |j a. The same yellow haloes occur within 
he muscovite, and the pleochroism, although much stronger, coincides 
ith that of the mica which is faint. One point of interest is the very 
narked decrease of birefringence within the halos. 

The same type of metamorphism is also encountered where the 
nigmatites border on the younger Risberg-granite, the accession 
f potash in the shape of muscovite being strikingly conspicuous. 


"he Oldest Granite, the Mansjé Granite and the 
Palingenesis. 


The oldest archewan granites occupy mainly the S.H. and central 
art of the region H. of the Orealv. They are microcline granites of 
artly somewhat porphyric, partly more even-grained texture, their 
lagioclase ranging from An, to Angs. The femic constituents are 
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mostly lepidolitic biotite, some green hornblende and some secondary 
chlorite. They closely resemble the more acid types of the Ljusne 
eneiss-granite on the E. coast, and reference may be made to the 
description of this granite already published by the author. (G. F. F. 
Vol. 50, pp. 321—327.) 

In the southern parts, the gneiss-granite is better preserved than in 
the ridge between Voxnailv and Sandsjé River, where it has been 
subjected to strong dynamic pressure. From Bjérkberg past Hamra 
up to the Voxna River W. of Voxna Hed, it is very schistose but of 
uniform composition, except a few enclosures of ore-bearing leptites, 
such as at Kivanhoberget. The big black biotite flakes give it an almost 
banded appearance. The best preserved part of the oldest granite is 
found at Hylstrommen, where the brecciation of the leptitic schists 
is nicely exposed at the rapids. 

The small leptite areas are relics of the brecciation of the earlier 
earth crust, thermally strongly metamorphosed, but only slightly 
injected by pegmatites, or else migmatitized. 

There is a striking difference in the behaviour of the old pink granite 
of Group I and the succeeding gray Mansj6 granite of Group II. This 
latter intensively brecciates and absorbs the older rocks, leptites as 
well as granites, and is responsible for the origination of the migmatites. 
A.description of the Mansj6 granite is given in the Mansjé-memoir, 
but two new analyses, Nos. 13 and 14, have been added, permitting of 
a better account of the chemistry and range of its composition. 

Of these two, the analysis from Svensbo represents a rather con- 
taminated granite which, although megascopically homogeneous, has 
absorbed and digested a fair amount of argillaceous leptitic sediments, 
almandite and sillimanite being present in the mode. The second 
analysis differs conspicuously from the typically potassic Mansj6 
granite, as described from Mansjé, soda and potash balancing each 
other. In this case, however, the contamination is not very evident 
and the rock may be an almost normal differentiation member of a 
granitic magma-suite or a totally regenerated palingenetic rock. 

That is to say, the question is, if we may really speak of a definite 
Mansjé-magma. As a uniform granite, it occurs only within very small 
areas, Mansjé6 and Rikarsvedjan being the two largest. At the latter 
place it is, megascopically, completely granitic and the gneissose proto- 
clastic features are revealed by the microscope alone. 

At the localities mentioned it is strikingly similar to the gray potassic 
medium-grained Stockholm granite, although it is probably slightly 
more sodiec, 


Outside these uniform areas, the Mansjé granite is found as the 
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Mansj6 gneiss-granite 200 m. North of Svensbo. 
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Analysis Nr. 13. 


Analyst: H. yon Eckermann. 


1 


(Svbo I.) 


————— 


Mol. apes. 
% Prop. Wor Mode Niggli’s | Osann’s 
x 100 9% System System 
sid, 74.19 | 123.52} Q . . . 39.78] Quartz 39.8 | qz +213 | tell! 
TiO, 0.12) 0.15]/Or . . 35.60] Microcline . 32.5 | si 429 WK lays 
P,O¢ 0.13} 0.09|}Ab . . 10.98 | Plagioclase ti 0.52/C 3.8 
Al,0O, 14.70; 14.42)/An . . 2.28] (Ab,,Anjo 10.6 | al 50.0 |F 4.0 
Fe,0, 0.05; 0.03;/C. . . 5.20} Lefidomelan 5.8 | fm 17.0 ja 12.5 
FeO 2.05| 2.85] >gal . 93.79 | Muscovite . . 5.2/¢ 40 Je 8.5 
MnO 0.03; 0.04] Hy 5.53|Almandite. . 22)/alk 29.0 |f 9.0 
MgO OSOi i teo8i) tie 0.26 | Sillimanite 2.7| mg 0.41}n 2.5 
CaO 0.62} 1.10 Ap 0.26 | Zircone, Ores | k 0.76\k 1.79 
Na,0 1.27) 2.05| SF >o5| Apatite 1.2/c/fm 0.22 
- n a <—fem. 6.05 ee 
K,0 OS OL Seen ape aul 
Pare Ob) 0.6447 3 | 
99.99 | 
Quantitative System: I: 3: 1: 2 — Magdeburgose. 
Osann’s Type: No corresponding type. 
5 : rib p . 99 40- 
H,0-5°| 0.10 Or: Aer = 72.93: 22.49: 4.58. 
100.93 | SP: gtavity “4. C=2.621. 
Analysis Nr. 14. 
Mansj6 Gneiss-Granite (Ls—11) from the well at Nyby. 
Analyst: N. Sahlbom. 
Mol. Mode Nigeli’ sann’ 
ggli’s Osann’s 
% ae oie 4 System System 
sio, 74.27 | 123.66 | Q 31.35 | Quartz 33.7|qz +167 8 80 
TiO, 0.10} 0.13{ Or 28.35 | Plagioclase si 403 |A 6.8 
129) 0.17} 0.12) Ab 28.30| (Ab,,An,) 51.6 | ti 0.33/C 16 
Al,0,; 13.16] 12.91} An 4.44 | Microcline 24.7 | al 42 F 3.4 
Fe,0, 0.00 —|C .. 0.81 | Biotite 9.4 | fm 18 a 1740 
FeO 1.92) 2.67] ¥isgal. 93.95 | Titanite . 0.4} ¢ 6 ce, »4,5 
MnO 0.01} 0.01| Hy 6.05 | Apatite 0.2 | alk rae f oe 
MgO 1.10) 2.73) tm 0.17 7 mg 50 | n ; 
Cad 1.04| 1.86] ap 034 is 0.48|k 1.69 
Na,O 3.34 5.89 * fe Ge c/lm 0.35 
K,0 TAL deel Ra ane ape 
yO O26) 21.44) 2~ 


100.07 


la NL yr tS a lk 
Quantitative System: I: 4: 2: 8 — Toscanose. 
Osann’s Type: No. 12. Alby (s 79, 217.5, c 3.5, £9.0, n 4.4, k 1.62). 
Or: Ab: An — 46.41: 46.33: 7.26. 


Sp. gravity er O=2:6138. 
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brecciating pegmatitizing and migmatitizing medium of the older rocks 
only. It displays all stages of contamination, and any number of in- 
clusions in varying degrees of digestion, from »spectral shadows» to 
still recognisable sediments. Actually, the region of the Mansj6 granite 
constitutes an area of intense thermo-chemical breaking down of the 
older rocks, on such a large scale and in such varying forms, that it can 
hardly be explained simply as the result of the intrusion by a large 
underlying magma of specified composition. In such a case one would 
expect this magma to occur in larger masses somewhere at least within 
the region. 

The author considers this region to be, instead, a typical case of a 
regional subsidence of the earth crust and a palingenetic remelting of 
its base when sunk to the required depth and thermal level. The 
conception of the earth’s crust having two surfaces, a lower one — 
generally too much overlooked when interpreting the present two- 
dimensional erosion section — as well as an upper one, and the geolo- 
gical consequence of the component parts of the crust moving in mag- 
matic-sedimentary-magmatic cycles, has lately been generally accepted 
by Fennoscandian geologists. In this case it is the only reasonable one 
to apply in order to explain the granitization-area. 

On the subsidence, the bottom parts of the leptite sediments as well 
as older granites have been brought to levels where refusion took 
place and a palingenetic magma was gradually formed. The tectonic 
movements of subsidence must, of course, — as evidenced by the 
affected areas — have been on a very large scale and, consequently, 
innumerable zones of weakness are likely to have arisen within the 
sinking supercrustal blocks. 

One gets the impression that the subsiding action itself has, so to 
say, forced the regenerated magma through those zones of weakness 
before any great accumulation of molten magma was formed, and 
continued doing so at a rate approximately corresponding to the melting 
rate of the subsiding base. 

In an recent paper (37), We@MANN has given an exposé of the anatexis 
and the magmatic cycles, which coincides with the view held by Fenno- 
scandian geologists during the last few years and, in Sweden, is especially 
emphasized by Macnusson. WEGMANN seems, however, (cf. Fig. 9 of 
his paper) to assume large masses of molten magma underneath the 
earth crust as imperative for the initiation of the migmatisation process, 
regarding the solid crust as a comparatively thin shell floating on magma. 
It is, to be sure, axiomatic that, in those ancient days, the central heat 
4f the earth was higher and the magmatic liquids rose nearer to the 
surface, but, nevertheless, I doubt whether his schematical diagram is 
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applicable to the Swedish palingenetic areas of the Mansjé and Stock- 
holm type. The latter granite, for instance, on the maps generally 
given as a real granite area, is, practically speaking, only a big swarm 
or breccia of palingenetic dykes and a district of migmatites and granites 
of every degree of contamination. 

_ The uniformally high percentage of volatiles always accompanying 
the granites of the Stockholm type is also very suggestive. The vola- 
tiles are actually those parts of the rocks which one would expect to 
be the first set free on the basal heating of the supercrustal rocks, 
especially at a sudden relaxation of pressure. Such relaxation may be 
caused by different agencies, as for instance by lateral displacement of 
blocks, by supercrustal zones of weakness penetrating to palingenetic 
‘depths etc. A natural consequence of an initial concentration of vola- 
tiles would be an accelerated activation of the other molecules of the 
sinking rocks too, and, at the same time, an increased internal pressure 
constituting a tendency to early intrusions into higher levels before 
any large masses of palingenetic magma were formed. WEGMANN reasons 
on different lines. He assumes the volatiles of the migmatites to be 
derived from deep-seated magmas, having been absorbed by sediments 
or greenstones poor in alkalies on the ascension of the migmatite-front. 
He emphasizes the removal of the alkalies and halogenes by erosion, 
“and the »pumping up» of new supplies from the interior of the earth by 
the migmatitization process. He even launches a new theory of the origin 
of the alkali rocks, conceiving them to be magmas, which on their 
»migmatitic advance» have not struck any alkali-absorbing supercrustal 
rocks. 

This is not the place to enter into a discussion of the pros and cons 
of this hypothesis, especially as I shall return to the subject in a coming 
paper on the alkaline area of Alnd. I only wish to point out in this 
connection, that the erosion-conditions ruling at the dawn of geological 
times can hardly be judged by comparison with those prevailing to-day. 
There is no evidence of the leptitic sediments having been poor in al- 
kalies, especially as the leptitic areas of Central Sweden are consp1- 
cuously free from quartzitic sediments, even in their best preserved 
part, and those of Northern Sweden are secondarily silicified. Most of 
‘those sediments were, originally, protoclastic, and, as shown by the 
analyses of this memoir, in the case of more recent epochs, such tuffitic 
sediments contain a fair percentage of alkalies as well as fluorine. If 
the leptitic volcanic acid effusives were anything like the Loos- and 
Noppi-quartz porphyries, they would have been very rich in potash. 
GotpscumipT has pointed out the customary presence of boron in recent 
sediments, and the unusually common occurrence of tourmaline in 
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the granites of Group II is also certainly suggestive (cf. the Harné 
granite (3. fig. 43)). 

Consequently, I conceive the initial mobilisation of the volatile 
phases at the base of the subsiding leptite blocks of this region as 
autogeneous, — although theoretically there is nothing to prevent an_ 
activation and volatile concentration of underlyimg rocks too. 

In the case of the Mansjé, Stockholm, and Hiirn6 granites, I suggest, 
however, that this participation of underlying magmas must have been 
very slight or even nonexistent, as such a magmatic contribution must 
presuppose one and the same magma underlying the whole area, as, 
otherwise the three granites could not very well be of such uniform 
habit. 

The activation of the volatiles of the subsiding blocks may be con- 
ceived as having started at a level above permanently magmatic 
depths. Once started, the process would continue, more rock going into 
solution and the subsidence continuing until checked by the descend- 
ing »coolingfront». The palingenetic level would constitute a fluid or 
plastic layer, occasioning lateral and differential movement registered 
on the surface as mountain-folding or faulting. 

Actually, WeGMANN’s theory leads to the production of a contaminat- 
ed magma, while the present author’s conception is that of a truly 
palingenetic one. 

Consequently, the present author accepts the palingenetic hypo- 
thesis, as such, as an explanation of the Mansj6 migmatites and granite, 
and he admits the subsidence of the leptites to palingenetic depths, 
but he considers the real palingenetic process in this case to have 
been restricted to a fairly narrow zone at the base of the subsidence. 
This zone may, in those days, not even have been a very deep seated one. 

To this theory of mine the objection may be raised, that on account 
of their field relations and their general tectonic behaviour, the large 
uniform granite areas of the Revsund granite in the N. and the scattered 
but numerous smaller occurrences of Fellingsbro granite in Central 
Sweden too, are considered as palingenetic and contemporaneous 
with the Stockholm granite. To this the answer will be that locally, 
of course, the re-melting may have advanced farther, and the under- 
lying rocks may also have been mobilised, or underlying magmas 
may even have risen to the palingenetic level. Even if this magma 
may, to some extent, be contaminated and contain a certain amount 
of volatiles giving them a definite pegmatitizing character, nevertheless 
they are not true palingenetic magmas of the Stockholm-Mansjé 
type. As already inferred, the palingenesis is not necessarily to be 
assumed as connected with any large subjacent magma body, even if 
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such a body may have existed locally in consequence of varying geo- 
terms. oe 

Against an assumption of the Mansjé and Stockholm granites simply 
representing a higher erosion level of the palingenetic zone, there speaks 
the absence of any large areas of the same type of granite anywhere. 
Neither the Revsund, nor the finnish Hang6-granite are petrologically 
the same granite. Where the base of the palingenesis has been exposed, 
which may be the case within the Revsund district, if it really belongs 
to the Svecofennidian orogenesis, we actually encounter a rock which, 
when uncontaminated, is older than and, when contaminated, contem- 
poraneous with, or even young- 
er than, the true palingenetic 
‘granites. 

What I wish to accentuate is 
the existence of this magma prior 
to the migmatitization, which 
does not, of course, preclude its 
later intrusion of the migmatite 
block and its apparently younger 
record on the present erosion 
section. 

* This point has been empha- 
sized, as there has been a ten- @ Schists of Leptite - Areas 

dency to classify all the granites ms aor 

of Group II as_ palingenetic > 

é ‘ Fig. 6. 
which, according to the present - 
author’s opinion, is not always 
the case, even if they are contemporaneous and co-operative with 
the generation of the true palingenetic magmas. 

Finally, a few words may be said about the chemical influence of 
the Mansj6 granite on the leptitic schists during the process of mig- 
matitization. Within the appended diagram, fig. 6, there have been 
entered the Or-Ab-An ratios of the norm of the schists as well as the 
granites. The diagram clearly shows how the chemical composition 
of the migmatitizing agents and the schists gradually merge as the mig- 
matitization process proceeds, the reference values of the garnet-biotite- 
schists being practically identical with those of the granite. On the 
other hand, the larger the remaining xenolithic leptitic areas are, and 
the better, consequently, the primary features are preserved, the more 
do their ratios differ from those of the granites. The extreme case is 
represented by the eulysites of Mansjé. 
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The Old Greenstones. 


Reference has already been made to the amphibolites within the 
migmatite area as being undoubtedly older than the migmatitization 
process. A more doubtful position is occupied by the greenstone area 
of Loberget, E. of Loobonis, the rocks being represented by the analyses 
Nos. 17 and 18. 

In my preliminary report it was considered to belong to the Loos- 
greenstones, but a continued study of sections as well as new analyses 
have called for a revisal of the previous classification. Unfortunately, 
the field evidences are not very clear, the greenstones being, it is true, 
cut on the N.W. slope of the hill by an aplitic dyke of Risberg granite, 
but also by pegmatite of rather undeterminable age, which may be 
offshoots of the Mansj6 granite. The uralitisation of the greenstone, 
however, indicates a thermal influence of larger and more regional 
character than that which can be attributed to the Risberg dyke. 
The mineral alteration of the rock is also quite different to that of 
the Loos greenstone, but, on the other hand, a remarkably well-pre- 
served primary texture, quite comparable with the Loos rocks, prevails 
within its central part. 

The pyroxene in those gabbroid, slightly metamorphosed, rocks 
is a diopsidic, faintly greenish augite of 2V55) = 54°; C/y, = 45.5% 
(vy — a)sso = 0.022; Ngsso = 1.715; marginally converted into green 
hornblende. The plagioclase is a labradorite, Ang, and the potash 
evidently enters the plagioclase, as no biotite or orthoclase is present. 
This is illustrated by analysis No. 17. 

The marginal parts of the greenstone are all converted into an am- 
phibolite of considerably more acid plagioclase, Angs; all the pyroxene 
having been transformed into hornblende and some biotite entering 
the composition. These changes indicate a strong contact influence of 
adjoining acid magma hardly referable to any other granite than the 
Mansj6 and, consequently, denoting an age contemporaneous with 
the amphibolites of the migmatite area. The primary mineralogical 
features of the central part, are, however, puzzling. The Loberget Hill 
not having been subjected to a very thorough survey, the presence of 
unexamined exposures of decisive influence on the age determination 
is not precluded, and all that may be stated with certainty to-day 
is the totally different character of the rocks when compared with the 
Loos greenstones, 

If the pegmatite dykes should prove to belong to the Risberg granite, 
an age older than the Loos-eruptives but younger than the migmatiti- 
zation process may also be possible and even most probable. Such basic 
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Fig. 1. Upper Loos quartzite at thrust fault south of Rullbo at Woxna Alv. 
Nic. +. Magnif. < 55. 
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Fig. 2. Quartzite-pebble in conglomerate overlying quartzite of Fig. 1. 
Nic. +. Magnif. X 55. 
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Biotite-banded quartzite at Fetingsberget, re-crystallized by the thermal 
action of the Daasen granite. The quartz is optically almost homogeneous. 
Nic. +. Magnif. x 55. 
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Sub-Loosian quartzite at Storkvarnberget, completely re-crystallized by the 
therma! action of the greenstone. Small diopside-grains indicate the original 
sedimentation. Nic. +. Magnif. x 55. 
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Fig. 1. Graphite-bearing quartzite at Rullbo copper mines, N of Rullbo. 
Arrows indicate two small thrusts parallel to the stratification. 
Ord. light. Magnif. x 10. 
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Quartzitie base of conglomerate W of Karlsberg, S of Loos. Basal 
conglomerate of the upper Loos Series. Nie. +. Magnif. < 10. 


XXT. 


me 


FORHANDL. Bd 58. 


FOREN. 


ROL. 


G 


Let cea, 
Si 4 
Sy 
>< 
isd 
ca 
qn 
SF 
A es 
rs) 
es 
= 
mA 
irey 
Bap 
ro ort 
Si ' 
bon 
ou 
cake 
“io 


rge 
irtz 


os 
poe] 
no 
(=| 
oO 
a 
4 ® 
iS 
Do 
et = 
=| 
ae 
rw 
HH 4S 
he oe 
(3) 
Qe 
a 
ON aw 
‘= 1 
de 
op 0 
Pam 
= 
oO % 
bi of 
0 +> 
@ 
o 4 
~~ op 
= 
Qo 
= 
. 
ro 
a 
. oO 
go" 
eat, le 
ey 


aN 
S) 
3X 
1) 
et ees 
Ho 
‘Se 
= 
QD 
a) 
me} 
on 
a 
mt 
om) 


na He 
fe 


=| 
ro 
om; 
(irs) 
ec 0 
ae ee) 
oa 
Oo f 
i 
ra 
Zs 
a0) 
= ey ey 
wine 
om 
= 
Se 
nS 
oS 
gs 
[=[icb) 
An 
oH 
ao 
SF 
a 
of 
o 8 
H+ 
ae) 
=) SS 
ie 
Se 
Mn 
ro) 
1 
SD 
DO. 
Ro 
5 2 
oa 
| 
Ay, Pp 
sf 
Gs 
4 
QS 
iS) 
io) Os) 
aay 
a 


GEOL. FOREN. FORHANDL. Bd 58. 


Plicated chlorite-musecovite-schist from Stallstensberget. Light-gray is 
chlorite, white is muscovite, black is biotite or ores. Ord. light. Magnif. X 55. 
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We! 


Pov Xe 


Sub-Loosian chlorite-biotite-schist from Fetingsberg cottage. Both the 

biotite and chlorite are green. By the use of colour-filters during exposure 

the biotite has been made to appear dark-gray and black, and the chlorite 
light-gray. Ord. light. Magnif. « 40. 
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Sub-Locsian biotite-sericite-schist one km W of Asen, Loos. The roughly 
rectangular dark-gray grains are tourmaline. Ord. light. Magnif. X 55. 
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Gabbro-dyke, Svensbo. 


THE LOOS-HAMRA REGION. 


Analysis Nr. 15. 


Analyst: H. von Eckermann. 
nn 


Centre of dyke. 


177 


Mol, oe 
% Pe Norm UES Niggli’s | Osann’s 
x 100 9 System System 
SiO, 41.07| 68.41| Or . 5.39| Hornblende . 66.1/qz —42 |s 41.1 
TiO, 0.25/ 0.81] Ab. 2.62 | Olivine 22.1 | si 0) es alee 
P.O, 0.17| 0.12; An. . 15.86} Calcite 4.2 | ti 0.37/C 3.4 
Al,0, 8.96| 877|Ne.. 5.09] Biotite eee etal iall 9.0 |F 48.3 
Fe,0, 3.08| 1.93] sal. 28.96| Apatite... 0.4/fm 705 ja 10 
FeO 6.28] 8.74! pi . 15.81 | Serpentine and e VT "eo 82:0 
MnO 0.31} 0.44/Qb. . 43.36| ores 8.6 | alk 3.0 |f 27.0 
MgO 24.32 | 60.32] wit . 5.04 | ~ 400.0 mg 0.86/n 7.4 
| Cad 9.76| 17.40| Tm 0.46 | Bais 0.29}k 0.82 
Na,O 141} 2.27] ap 0.34 | e/fm 0.25 
K,0 0.74| 0.79] Qe 4.90 co, 4.90 
HO ae, 1:91) 10.60 Sfem 69.21 
CO 1.84} 418/75 : 
: oo 
100.08 
100.10 Quantitative System: IV,1: 1: 1: 2 — No name. 
H.O-110°) 0.06 Osann’s Type: No. 95. Yamaska (s 45, al, c 2, f 27,n 7.6, k 0.73) 
2 : or No. 102. Kaltes Tal (s 41, a 1.5, ¢ 1, f 27.5,n 5.2, 
100.16 k 0.60). 
Or: Ab: An: Ne — 18.61: 9.08: 54.78: 17.58. 
Sp. gravity _ € = 3.029. 
Analysis Nr, 16. 
Gabbro-dyke, close to contact. Svensbo. 
Analyst N. Sahlbom. 
Mol. Mode Ni sy ’ 
ggli’s Osann’s 
‘@ paid oe 4%, System System 
SiO, 42.29| 70.44|Or . 4.46 | Hornblende 68.9|/qz — 48.5 |s 42.4 
TiO, 0.60] 0.75| Ab. 2.61 | Pyroxene 16.0 | si 70.5 |A 2.6 
PSO, 0.32 0.22| An. 14.71 | Anorthite 0.6 | ti 0.80|/C 3.1 
Al,0, 69 yw o-0 in| New 8.54 | Calcite 4.0 | al 9.5 |F 46.3 
Fe,0, 2.07| 1.80|Sgal. 30.39 | Biotite 1.1) fm 66.0 |a 1.0 
eO 6.41] 8.92/Di. 22.65 | Apatite 0.8) ¢ 20.0 |e 2.0 
MnO 0.16} 0.23] 0) 37.37 | Serpentine and alk 45 |f 27.0 
MgO 21.82) 54.12] wt. Bigg) Ores a or y-n yc.) me 0.82\n 8.1 
CaO 11.39] 20.81] tim 1.16 100.0 | € 0.19|k 0.62 
Na,O 2.10| 3.39 | py 0.26 | c/n 0:31 
K,0 0.77| 0.82) An. . 0.70 C0, 4.00 
more’! O79) 4.38\Ce . - 3.98 
CO, 1.75| 3.98| S95) 69.19 
Ss | 0.12} 0.37 H,O 0.79 
| 100.238 | 
nl a aN re i ea le ea I a a ES 


. | 1st O peeve 


Quantitative System: IV, 1: 1: 2: 1 — No name. 
Osann’s Type: No. 95. Yamaska (s 45, a1, c2, f27,n7.6, k 0.73), 
Or: Ab: An: Ne: 14.71: 8.61: 48.51: 28.17. 


12— 353677. G. Ff. F. 1936. 


| Sp. gravity is. C = 3.015. 
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Analysis Nr. 17. 
Greenstone from southern part of Loberget (Ls - 6). 
Analyst: H. yon Eckermann. 
— Mode Niggli’s Osann’s 
fe ee Noy m % System | System | 
SiO, 49.60} 82.58/Q. 0.12 | Felspar qz —10 |s 50.8 
TiO, 0.65) 0.8L} Or ee 2.81 (Alba Ania.) Romeo AcOuEst 104 j|A 1.7 
1e0 0.21) 0.15/Ab . . 12.05) Augite and ea 1.00)C 4.9 
Al,0, 10.96} 10.72} Au.. . 21.97] Hornblende 55.6 | al 13.5 | F 35.9 
Fe,0, 3.82| 2.39) Seal . 36.95 | Ores 6.8 | fm 55.5 | a .0 
FeO 7.57| 10.54) pi . . 30,14| Apatite 0.6 | ¢ 21D ead 
MnO 0.80 0.42 Hy _ 24.43 100.0 alk 3.5 it) Peau 
MgO 11.51] 28.55 | i+ 5.55 | mg 0.64/n 8.2 
CaO 12.42) 22.14) Tin 1.93 k 0.18}k 0.90 
Na,O 142/ 2.29) ap 0.60 c/fm 0.50 
Fe gr eens | tom 6006 
H,0 95) 52717 on | O95 
99.85 
99.91 Quantitative System: IV: 5: 4: 4 — No name. 
H.Q-105° 0.06 IIT: 5: 4: 4 — Auvergnose. 
=—2 : Osann’s Type: No. 77. Emerald Mine (s 50, a2, ¢ 3.5, f 24.5, 
99.97 n 8.0, k 0.83) 
| Or: Ab: An — 7.65: 32.70: 59.65. 
Sp. gravity a C: 3.048. 
Analysis Nr. 18. 
Amphibolite, Loberg Mt. (Ls - 7.) 
Analyst: J. Petrén and H. y. Eckermann. 
9% Pe Nae Mode Niggli’s Osann’s 
x 100 % System System 
re ee ee 
sid, 49.80| 82.92|Or . . 6.71 | Plagioclase qz —25 |s 54.5 
TiO, 1.08| 1.85) Ab . . 29.89} (Ab,,Ans5) . 51.9 | si 115 {A 4.5 
leOR 0.25) 0.18] An . . 22.81] Hornblende ti 195] Cor 
NOs 15.36] 15.07| Sga)_ . 59.41 | and some bio- al 21.0 |F 26.2 
Bie Os 2.57] 1.61] pj S.SGi eile. kee oe eee etn 5l.o}a 4.0 
FeO 9:51 |) 13:94 Hy 9.74| Ores . 3.8] ¢ 18.04e: 4:5 
MnO 0.30} 0.42] oj 14.04 | Apatite 0.6 | alk LOl0} feeds 
MgO 7.72 | 19.15 | wre 3.79 ean ne, 0.538)n 7.1 
Cad 7.18) W801 thn lene mene 0.17|k- 0.85 
Na,O 3.54| 5:71 Ap 0.64 e/fm 0.36 
oy rose) 8] | 1.28) S59 05 39.09 
+ 105° a oe: Ode 
2 1.29 7.72 HO. . 139 
99.89 
| Quantitative System: II: 5: 3: 4 — Andose. 
Osann’s Type: No. 92. Kinnekulle (s 53.5, a 3.5, ¢ 5.5, f 21.0, 
n 8.0, k 0.86). 
H,0—| 0.10 Or: Ab: An — 11.30: 50.31: 38:39. 
iz 99.96 Sp. gravity - C= 2.967. 
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Analysis Nr. 19. 
Diabase from Hagermansdalen. (Wx - 258.) 
Analyst: J. Petrén and H. vy. Eckermann. 
Mol. 
% Prop. Warn Mode Niggli’s Osann’s 
x 100 % System System 
a a a 
SiO, | 49.36 | 82.19) Or 9.48 | Plagioclase qz — 23° Is 55 
TiO, 1.18 1.48 | Ab 30.90} (Ab,An,,) . 53.2 | si 121 |A 5.0 
e20, 0.23 | 0.16) An 29.76 | Hornblende(and ti 2.21/C 7.0 
Al,O, 18.60 | 18.25|) Ssal. 70.14| some augite) 28.4 | al 27.0 |F 21.1 
Fe,0, 0.80 0.50|/Di . . 2.53 | Biotite 14.4 | fm 440 |a 4.5 
FeO 10.80 | 15.03/09) . . 92.509| Ores 3.5 | ¢ 18.0 |e 6.5 
MnO | 0.26 0.387\/Mt . J.1¢|Apatite ... 0.5] alk 11.0 |f 19.0 
MgO 5.65 | 14.01|/T1m . 92.96 ioe 100.0 | ms 0.46/n 7.8 
CaO 7.02 12.52 Ap . 0.62 ak 0.28)}k 0.84 
Na,O 3.68 5.86 fi 39.07 e/fm 0.41 
K,0 Lee ete ee 
H,0+10) 0.88 | 4.89| 420_- 0.88 
5O; 100.09 
(<<0.02%)) tr —_ 
r,0, 0.00 _ 
0.010 0.03 
F 
(<0.05%)| tr | — 
ES eI a a a a el a 
Quantitative System: II: 4: 3: 4 — Tonalose. 
Osann’s Type: No. 91. Serrado (s 55.5, a 5.5, ¢ 5.5, f19, n 7.1, 
k 0.82). 
H,0-10 0.10 Or: Ab: An 20° 13.52: 44.05: 42.438, 
a 1100.15 Sp. gravity ge © = 2.879. 


rocks do exist elsewhere within the area represented by the olivine- 
gabbro dykes of Svensbo, which intersect the migmatites, and by the 
diabase dykes of Mansj6 and the E. side of Loberget. 

A full account of the gabbro has been given in the author’s previous 
paper on the graphite deposits of S. Svensbo (4.), and the two analyses 
Nos. 15 and 16 are reprinted from that paper, their norms being added 
und the specific gravity. The presence of a large percentage of nephelite 
und olivine in the norms is in striking contrast to any other greenstone 
within the region. Actually, the rocks, chemically, are not very far 
moved from the doleritic diabases, even if they are unquestionably 
nuch older, having taken some part in the regional folding of the region 
n Loosian times. Connected with them are probably also the diabase 
lykes, mentioned above, of primary chersantitic or quartz-diabasic 
omposition (analyses No. 20) previously described by the author in 
he Mansj6 memoir (p. 231). Based on the evidence available at that 
ime he suggested that they were younger than the Mansjé granite 
ut possibly intruded at a time when the regional heating of the mig- 
natite area still prevailed. This view has been further confirmed by 
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Analysis Nr. 20. 
Diabasic dyke from Mansjo. 
Analyst: N. Sahlbom. 


Mol: Mode Niggli’s Osann’s 
fo Prop. Norm % System System 
x 100 
—_— 
i 51.20; 85.88/Oz .. 7.02| Quartz ... 141/qz +6 |s 56.0 
TiO; 110) 187|Or . . 11.68} Plagioclase si 124 [A 19 
IPO}. 0.40) 0.28/Ab . . 4.72| (Ab,Amgs) . 33.4 ti 2.08}C 89 
Al,0, 17.19| 16.85} An . . 38.64) Hornblende(and al 24.5 |F 2214 
Fe,0, 2.20| 1.37) Ssal . 62.06| Some angite) 29.5 | fm 46.0 |a 210 
FeO 7.20| 10.00|\p; . . 5.41|Biotite .. . 19.1)¢ 25.0 |c Sse 
MnO 0.07) 0.10) Hy. .24.95| Ores --- - 2.7 | alk 45 \f 20.0 
MgO 7.39 | 18.47 | it 3.95 | Apatite a. cal- mg 0.59)n 3.1 
CaO 9.70) 17.84|Tlm . - 918| cites . .- L2ikE 0.45}k 1.1) 
Na,O 0.63) O.85|pr . . 0.44 100.0 c/fm 0.54 
K,0 : ce 2.05/Ap . . 0.93 
10+" | 0.60) 3.33] 2 —— ond ) 
g° 0.25] 0.78 eon See | 
co, 0.12} 0.27146 °° O49 
EO 1°}, (0,16) < ee 
99.89 
100.03) Quantitative System: II: 5: 4: 1—2 —_Hessare. 
o=s! 0.09| Osann’s Type: No. 97. Frielandorf (s 52, a 2, ¢ 7.5, f 20.5, n 8.5, 
pe k 0.90). 
99.94 Or: Ab: An — 21.22: 8.57, 70.21. 
Sp. gravity C = 2.872. 


the discovery of the additional dyke at Loberget, an analysis of whicl 
(analysis No. 19) agrees fairly well with the one previously publishec 
of Mansjé. There is only a slight difference of a somewhat higher per 
centage of soda and a more acid andesinic composition of the felspar 
This difference may be due to the potash content of the diabase partly 
being derived from contamination by absorption from the granite 
as already pointed out by the author in the Mansjé memoir. 

In the said paper, the possibility of a connection between the dia 
base and the Loos-greenstones was suggested, but left to future investi 
gations. No field evidence, unfortunately, has come to light durin; 
the present survey, sustaining or refuting such a connection. Judgin, 
by the different chemical composition and mineral development o 
the now very well-known greenstones, the assumption of a geneti 
relationship between the two is not, however, encouraged. Their post 
Mansj6 age, in common with the Svensbo gabbro-dykes, rather suggest 
a Classifying of the two as an intermediary group prior to the develop 
ment of the sub-Loosian unconformity. They are, consequently, al 
lotted a place in the archwan age sequence occupied by no correspondin; 
greenstone-dykes in Central Sweden. 
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of greenstones has been entered together with that of the doubtful 
Loberget rocks. The number of analyses being too few, the average 
lines of differentiation must be taken as an indication only, but they 
show, nevertheless, a marked difference between the two groups. 
With the diagram has been compared another rock not mentioned 
previously, the Harzburgite dyke of Mansjé. No such dyke having 
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_ In the appended Nigeli-diagram, Fig. 7, the analysis of this group 
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Fig. 7. Nuicetr diagram of the old greenstones. 


been observed outside the syncline, there is no other evidence indicating 
a younger age excepting the complete absence, both megascopically 
or texturally, of any dynamic stress features. The diagram suggests, 
however, a genetic position not very far removed from that of the 
younger greenstone group, although a recalculation of the analysis 
(2, p. 241) gives no nephelite in the norm. The evidence being only 
circumstantial, however, the question of a Mansj6 or post-Mans]6 
age of the Harzburgite remains undecided. 


The Sub-Loosian Schists.! 


These series occur, partly underbedding the Loos-series, and partly 
preserved downfaulted S.E. of Loos. A few small remains spared 
by erosion also occur to the 8. and 8.W. of the Loos-area proper. 
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The formation lies unconformably upon the almost vertical schistosity 
of the migmatites; their tectonic emplacement has been previously de- 
scribed (cf. p. 147). Their bottom contact towards the migmatites is 
nowhere exposed, a pink aplitic zone, however, seemingly separating 
the two. This aplitic horizon was already noticed by E. Nort during 
the short period I had the pleasure of his assistance, and he drew my 
attention to its stratigraphic position, expressing his doubts as regards 
its magmatic origin. 

Megascopically this aplite is hardiy to be distinguished from the 
aplites of the Risberg-granites, especially from those emanating from 
the Daasen massive. Microscopically, however, they exhibit a decidedly 
horn-felsic texture quite different from that of the magmatic rocks. 
Continued detailed study of these aplitic hornfelses, coupled with the 
discovery of nicely preserved primary beddings here and there have 
convinced the author of the correctness of NoRIN’s presumption. On 
the other hand, all aplites found cutting the older and younger rocks 
have been proved to be really magmatic. 

The »hornfels-aplite» may be observed at the 8.W. foot of the Fetings- 
berg ridge, within the steep eastern escarpment of Loosberget, as boul- 
ders along the eastern foot of the hills S. of Tensberg, at Kuttermaki 
and close to the Voxna River 8.W. of Kvarnberg. It is, consequently, 
traceable all along the base of the sub-Loosian series and reminds one 
of a »sparagmitic» sedimentation resulting from a secular weathering 
of the old country rocks, viz, a quartzite rich in felspar. Where it is 
wanting, a conglomerate would be expected instead. 

Such a conglomerate, however, was long looked for without success. 
Norin believed he had found it at the S.W. base of Fetingsberg in the 
shape of flattened pink pebbles of hornfelses within chloritic schists, 
but the blasting away of some of the rocks exposed a section of pseudo- 
conglomeratically stretched and interrupted pegmatite-dykes. Even 
if the intense pressure imposed upon the rocks at this locality, where 
the basal sediments of the series are vertically uptilted along the big 
fault, confuses the issue, there is no doubt as to the character of this 
conglomerate. Puzzling, however, was the later disocvery of a similar 
conglomerate at about the same stratigraphic level of the dynamically 
less affected north-eastern slopes of Fetingsberget, the conglomeratic¢ 
zone here attaining a thickness of some 20 m. Still more puzzling was 
a similar occurrence at Kuttermaki S. of Kvarnberg. Renewed study 
of the last-mentioned localities, especially combined with the examina: 
tion of slides, has convinced the author of the existence of a real conglo- 
merate, although the first one discovered, which called attention tc 
the formation, has been definitely identified as a pseudo-conglomerate. 
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Actually, the true conglomerate was found only a few yards from the 
blastings, the initial confusion being caused by the similarity between 
the true aplites and the sparagmitic acid sediments. 

At Kuttermiki a contact is exposed between the bottom sediments 
and the superimposed schists, and a section through Kuttermiki estab- 
lishes the sequence of the sub-Loosian formation in descending order 
as follows: 


Youngest: Cyanite-Andalusite-Cordierite-Schists 
White Quartzite 
Cordierite-Andalusite-Schists 
Phyllitic Biotite-Muscovite-Schists 
Biotite-Chlorite-Quartzites with Interformational Conglo- 
merates 
Antophyllite-Schists 
Blue-gray Quartzites 
Conglomerate Zone 
Gneissose Mica-Schists. 


Oldest: Sparagmitic Quartzite. 


The sequence is fully or partly repeated wherever a section is selected 
at right angles to the strike. The only departure worth noticing is the 
occurrence of a layer, rich in lime and metamorphosed into diopside- 
gneiss, at about the same stratigraphic level as that occupied by the 
antophyllite schists. Actually, the sequence indicates a two-fold sedi- 
mentation of different climatic peculiarities. Judging from the conglo- 
merates, the secular weathering of the underlying gneiss-granite, of 
which no contact has been exposed but which occupies a tectonically 
unconformable position, must have been fairly extensive, and must 
have been followed by a sedimentation below sea-level, as evidenced 
by the composition of the subsequent schists, which grade into slate. 
_ A puzzling feature occurs, however, to which attention may be drawn, 
even if the author has a difficulty in explaining it. The arenaceous sedi- 
mentation series all display »lit-par-lit» injections of numerous granitic 
dykes, not only of the younger Risberg type occurring at higher strati- 
graphic level, but also of dykes petrographically and genetically closely 
sonnected with the pink Hylen-granite brecciating the leptites at the 
Hylstrémmen Waterfalls. On the other hand, these latter dykes have 
so far never been found above the conglomeratic horizon. They led the 
suthor at first to propose a pre-Mansjé-age of the sub-Loosian series, 
yssuming the latter to be an upper division of the leptites. When 
qublishing his preliminary report, however, the previous view was 
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abandoned, the genetic relationship between the upper intrusions and 
the Risberg granite being taken as evidence of a post-Mansj6 age. 

The inference to be drawn from the later establishing of two gene- 
tically independent sets of dykes would be the presence of two uncon- | 
formities, a lower one between the migmatites and the sparagmitic 
quartzites, and an upper one between the later and the blue-gray 
quartzites. 

The field evidence, however, does not confirm any such division, 
the bedding of the sparagmitic quartzite being, to all practical purposes, 
conformable with the sedimentation of the gray quartzites, as is em- 
phasized by their layers of mica and chlorite. On the other hand, the 
sparagmitic quartzites have been intensely subjected to both pressure 
and contact-metamorphism by the intruding granites, and most of 
their potash felspars may be secondary, as evidenced by the ever- 
present sillimanite, which is the natural by-product of a retrogressive 
transformation of the micas. The banding, mostly emphasized by 
magnetite grains, sometimes in conspicuous accumulation, may con- 
sequently be a secondary feature, originating under stress on the com- 
plete recrystallization of the sediments. This dynamo-chemical co- 
ordination of the bedding could, however, only be referred to the agency 
of the younger granite, which, it is true, has apparently intruded along 
the base of the sediments, but at the same time had only a very limited 
corresponding metamorphic influence, when intersecting the upper 
sedimentary series. 

One is actually forced to conclude that an overlapping of the palin- 
genetic magmatic activity into the following erosion period must have 
taken place at the time when the migmatites, as such, were already 
formed. This magmatic overlapping, however, is mainly represented 
by pegmatitic or aplitic late magmatic liquids. 

The conglomeratic zone, as well as the distinct change in type of 
sedimentation must, consequently, in any case indicate an unconfor- 
mity, even if this is not very great. It constitutes, so to say, an inter- 
mediate epoch of lessened orogenetic activity, at the end of which a 
renewed subsidence of the country to below sealevel ended the waning 
magmatic activity. 

A few other possibilities may also be discussed. One is the alternative 
of the Mansj6 granite never having reached the higher stratigraphic 
level within the uppermost sediments of the leptite formation, the 
migmatitization process stopping, so to say, underneath a roof of almost 
undisturbed horizontal bedding. This conception may find some suport 
in the Mansjé syncline on the other side of the Loan Valley, where the 
pitch of the folding axis is still very slight, the whole area constituting 
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a big xenolith floating on top of the granite and migmatite. How this 
area could be so well preserved supplies food for speculation, and the 
present author cannot conceive of any other explanation than the 
subsidence of a part of the roof from magmatically unaffected higher 
levels into an already fluid migmatitic brew of the older rock series 
and the granite. A primary unconformity between the Mansjé-series 
and the older leptite-series is also suggested. 

The sub-Loosian series, however, must have been deposited at an enor- 
mously higher stratigraphic level if they are of the same epoch as the 
Mansj6 sediments, no evidence of a primary synclinal folding prior to 
the eruption of the greenstones being preserved, nor any genetic con- 

nection being apparent between the sediments themselves. 

Furthermore, the two series occupy to-day about the same topo- 
graphic level, but even if the western side of the Loan is downfaulted, 
the vertical measure of the slip cannot be a very great one, as demon- 
strated by the almost equal topographic level of the corresponding 
sub-Loosian strata at Fetingsberg and Kuttermaiki. This clearly 
precludes any relationship between the Mansj6 and sub-Loosian series, 
and makes the leptitic age of the latter a very problematic one. 

Another possibility, however, would be the sub-Loosian series, or 

. their basal part, at least, being the sedimental detritus of the oldest 

granite and, consequently, the erosion surface representing the sub- 
Bothnian unconformity. This assumption might do away with some 
of the difficulties discussed above, but still cannot explain why the 
Mansj6 granite E. of the valley thoroughly engulfs older leptites but, 
at practically the same level W. of the valley, hardly touches the younger 
series. 

The only rational way out of the difficulty would be to allot one 
and the same »Risberg-age» to all the dykes intersecting the sub-Loosian. 
Such an assumption may, to some extent, be justified by the somewhat 
corresponding chemical character of the Risberg and the Mansjé 
granites, but as long as the contradictory field evidence has not been 
explained away, the hypothesis of lingering post-magmatic activity 
is favoured by the author. 

Intrusive within the sub-Loosian schists as sills or sheets are, too, 
the Loos-greenstones. A fairly large sill of greenstone not far away 
from a similar one of red Risberg granite is noticeable in the appended 
section (I—I) of the Kuttermaki district (Pl. CVI). 

The petrology of the different strata of the sub-Loosian succession 
is, briefly, as follows: 

The sparagmitic quartzite has already been described 

above, the mineral composition being merely quartz, microcline, chlo- 
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rite, biotite, and, accessorily, albite and sillimanite. The chlorite 
close to the granite is generally transformed into sericitic mica. The 
sillimanite, however, occasionally assumes the role of a more important 
constituent, knotty nests being formed of sillimanite and quartz (Faser- 
kiesel) surrounded by zones rich in microcline and poor in mica. They 
appear on the linear cross-sections of the bedding planes, like knots on 
a string. The quartz grains are generally optically inhomogeneous 
within the chlorite zone, but sometimes almost homogeneous when 
recrystallized within the biotite zone. 

In the gneissose mica-schist the micas (muscovite and 
darkbrown biotite) predominate, the red granulated hornfelsic 
felspar giving the rock a gneissose appearance. Within this fairly 
coarse base (size of grains: 1—2 mm) there occur boulders of the sparag- 
mitic quartzite mostly representing the chloritic metamorphic zone. 

The blue-gray vitrous quartzites border sharply on 
the conglomeratic zone and consist at their base of an almost pure 
quartz of an intense undulatory extinction, the crystal joints being at 
the same time extremely interwoven, emphasizing the strong dynamic 
metamorphism. Their texture at crossed nicols may be compared with 
that of a strongly wind-driven cloudy sky (ef. Pl. XLVIII). Higher up in 
the series occur occasional bands of chlorite and green biotite as well as 
small tourmaline crystals, pleochroic from a light violet to a dark neutral 
tint. Occasionally the tourmaline percentage increases considerably, 
replacing practically all the biotite. This is the case on the southern 
slope of Storkvarnberget, where this replacement may be studied in 
detail (cf. Pl. XVI). 

The antophyllite schists constitute a layer of some 5—10 m 
thickness of parallel strips of biotite(green)-muscovite-quartzite with 
intervening belts of antophyllite-cordierite schists. A violet to red 
tourmaline occurring in the latter is rather conspicuous. The anto- 
phyllite is almost colourless ((y — a)ss9 = 0.017; 2Vs59 = 66° — 104s 
and of special interest, as it displays an alteration into a strawcoloured 
biotite, such a metamorphism being very rare. CHuposa, for instance, 
states that metamorphic changes of antophyllite are »kaum beobachtet», 
The cordierite crystals are poeciloblastic quartz-cordierite »sponges), 
and the mineral is partly converted into an isotropic yellow gel-substance 
partly into a greenish-white, optically positive amesitic chlorite 
((v — @)ss0 = 0.012—0.014). 

This stratigraphic level is replaced W. of Karlsberg and at Fetings- 
berg (southern escarpment) by a sedimentation rich in lime, something 
like 60% of the rock consisting of hedenbergitic diopside (2V559= 60°, 
c/y = 38°) and 25—30 % of quartz. The balance is microcline and an 
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unusual amount of zircon forming real strata within the rock, emphasi- 
zing the old bedding planes. Occasional small bands of cordierite-anto- 
phyllite schists are found at higher stratigraphic level too. 

The biotite-chlorite-quartzites arise through era- 
dual increase in the number of micacious bands and by the shrinking of 
the pure quartz layers. On the southeastern slope of Hemtjirnsberget, 
S.E. of Kvarnberg, interformational conglomerates occur, containing 
quartzite pebbles of the size of eggs. Ascending the sequence, the 
quartz is more and more suppressed and the chlorite replaced by white 
mica until the rocks grade into: (cf. Pl. XXV). 

The phyllitic-bioctite-muscovite-schists. The 

biotite, which generally constitutes about 1/, to 4/; of the micas but 
may occasionally predominate, is always of a light green colour, con- 
fusingly like that of the chlorite. A distinction between the two is 
generally impossible in anything but polarized light (cf. Pl. XXIII). 
The biotite is almost unaxial, while the serecitic muscovite shows 
2Vss0 = 31°. The phyllitic schists are generally somewhat knotty, the 
quartz grains and grain aggregates being lenticularly elongated in the 
direction of the strike. A cross-section at right angles to the strike 
shows a net-like lenticular arrangement of the micas. In many cases 
it is not even a question of primary quartz grain lenticularly enveloped 
by mica, but of whole thin quartz layers which, at the stressing of the 
schists, have been broken and separated. Felspars are sometimes 
absent but generally present. Microcline may occupy as much as 16— . 
20 % of the rock, but this is exceptional. Albite, on the other hand, 
is rarely absent and may increase to percentages constituting real 
albite schists. Some sillimanite, as well as tourmaline, is hardly ever 
absent, and the latter generally shows a pleochroism between colourless 
and blue or pink and green (cf. Pl. XXIV). 

The phyllitic schists constitute the most important of the sub- 
Loosian sediments and, apart from variations in bulk of the participat- 
ing minerals, are unusually alike. The analyses (cf. 22—28) illustrate 
a chemical range from about pure quartzites to highly argillaceous sedi- 
ments of almost identically the same composition as the upper Loosian 

‘slates (cf. analyses 27 and 57). The close correspondence between the 
Stillberg-schists (Analysis No. 24), Stenhakersberget (Analysis 26), 
and the Voxna River N. of Voxna Hed (Analysis 28) is worth emphasi- 
zing, as it shows the sedimentation to have progressed very evenly 
over very large areas. This may be taken as an indication of an 
extensive regional erosion of the country. 

The Fetingsberg schist of Analysis No. 27 differs somewhat from 
the normal type by the intense corrugation, foliation, and plication 
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Analysis Nr. 21. 
Quartzite. Brook falling into Tikkalampi. (Ls - 117.) 
Analyst: N. Sahlbom. 
mer, Actual mineral composition 
% Prop. i 
x 100 %o 
SiO... ss See 95.14 158/40 Si Quartzee.eae 0 ee eee 92,38 
TiOshs <x ge 0.25 0.31 |Sericitic Mica ...... 4.3 
PO... 0.07 0.05} Albite 04. 5. 2 eee 1.2 
| Al,O, si ae aay See tene 1.69 L66)"-Apatiter, oc eee 0.1 
Fe, 03. Secon eee 0.09 0:06 «|\Epidete . 2.2). 0.3 
| FeO, sapere cer 1.46 2.08 —| Ores. 2. el 0 ee 1.8 
MnO Vim Bese ee te. tr: — 
Meise eat. tele 0.18 0.45 100.0 
Ca Orta tiles se meet 0.17 0.30 
INO clas, ee een A 0.16 0.26 
EE Obata gh rca sis sees s 0.71 0.75 
Hi 3 eae pie Dye S 0.28 1.55 
SE 
| 100.20 e 
a Sp. gravity a C = 2.687. 


Mica-Schist. 


Analysis Nr. 22. 


Stallstensberget Hill. 


Analyst: N. Sahlbom. 


(Ls - 120.) 


—_—_—_—_——— 


(cr Pl. XXI—XXTI) 


faulting. The potash felspar is all 
sericitic mica, and the biotite has d 


secondary generation of chlorite. 
The albitic schists (Analyses Nos. 26 and 28) might also call for a 
few words, as the origin of the albite schists of the Loch Lomond series 


Mol. Actual mineral ores 
% Prop. composition phcrees ef 
x 100 % 
a 
SHOMeWG Ooo Ga -c 76.79 | 127.86 |Quartz ..... Dist) eps 
EL OD cice ae 0.12 0.15 |Muscovite . . . . 224/qz = +289 
Opie us eee. 0.16 JESU GoGo on 6.6/ti = 0.61 
AOS eg ee 12.29 12.06 | Microcline . . . . Mlaljal = 48.5 
Hes 03. a eee 1.00 O:635VA lbites: = ace PRS | ai se 25.5 
MeO: 4. eee 1.18 64 | Pyrites {925 . OLGACan = 13a 
MnO: 9 sae 0.038 C044 Apatite ss soem me O3)/alkk = 24.5 
WIP ORRIN S a chs Koa 1.41 3.50 1000/™s = 0.55 
ORO 3 5 A 0.22 0.39 k —— 0.77 
Na: Oe ree 0.86 1.34 e/fm = 0.06 
iO. eee 4.49 4.69 
BO} Soe eee 1.19 3.36 
HO pee 0.07 — 
COs) ce eae meee 0.00 .- 
By ly oped Ra mame 0.15 0.47 | 
Ni, Co, Cu, Or . 0.00 -—— 
99.89 ° 
Sp. gravity a C = 2.687. 


affecting the part of the schists caught in the 
gone and replaced by poeciloblastic 
isappeared as well, to give place to a 
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Analysis Nr. 28. 


Stallstensberget. Copper-mine. 


189 


(Ls - 118.) 


Analyst: N. Sahlbom. 
eter ee 
Mol. Actual mineral Nigelj’ 
% Prop. composition iggli’s ref. 
x 100 % values 
ROR x ees 74.34 | 123.78 | Quartz 56.8)/si = 430 
Oe 0.28 0.35 |Muscovite ... . 25.3/qz =+ 254 
EO; 0.11 0.08 \Biotite |... .. NMS AE Ge 1.10 
Al,0, 11.28 | 11.07 | Apatite and Ores ial) son 
et O ewe. x. 1.09 0.68 | 100.0 |/f™ = 40.5 
Ae ter! &. pte, 3.24 | 4.51 “le = 20 
MnO 0:03 0.04 alk = 19.0 
NEC OR MR ci aeeok 2.69 6.67 | me. — 0.58 
MecnO... 5... 0.36 0.64 | k = 0.96 
RAW See es asl Ss 0.10 0.16 | c/fm = 0.05 
REO ak 26% dos 5.00 HSE 
H,0+ 105° 1.21 6.72 
emo ore to 0.07 — 
Ni, Co. Cr, Cu 
not present 
eens MOM ewe! S. ve 0.11 | 0.34 
99,91 20° 
Sp. gravity ee C = 2.7383. 
! ! 
Analysis Nr. 24. 
» Albite-Mica-Schist. Main road. South east of Aborrtjaérn south of Loos, 
(Ls 13 - 6:) 
Analyst: N. Sahlbom. 
Mol. Actual mineral 
% Prop. | composition Niggli’s System 
x 100 | % 
PLONt Me a +) 6 74.75 | 124.46 | Quartz ..... 37.6/qz = +179 
JU) Bechet 0.08 OO CAIDI Ce 5 ea 29.3\'s = eb 
1B KO So cance ge 0.08 0.06 |Microcline. ... 16.7/ti = 0.33 
UEC iene le 12,22 10-99) Biotite: |. 9-. a SHS ar GENO 
GAC) SMe oye = oe he 1.54 0.96 |Muscovite.... 66/fm = 22.5 
OOM Mme Gucs s 2.14 2:98 | Apatite’? . 5 40 O:3i\c ea 3.5 
HOU mi =i 0.02 0.03 100.0|#k = 34.0 
COW mgt eis 3% 0.72 Wee) ~l mg = 0.27 
CaO et eos 0.58 aO3 k = 0.49 
Na OMeus crrs) <= = 3.24 5.23 e/fm = 0.15 
he ee 4.67 4.96 
POs ie oes sete’ « 0.39 2.17 
CE il laa Se See 
BIOS. Ae eter ee 0.08 20° ; 
| Op. gravit ¢ Or :814; 
Piehie 4 


of Scotland has been the subject of some discussion. In the present 
case, no doubt can be entertained of the primary character of the 
soda-content of the sediments, as there are no adjoining, nor even re- 
‘mote, volcanic or plutonic rocks which could possibly be made respou- 
sible for a select albitisation of specified layers of the schists. 
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Analysis Nr. 25. 


Biotite-Muscovite-Quartzite. Fetingsberg Hill. (Ls - 18.) 


Analyst: N. Sahlbom. 
| | 


Mol. Actual mineral composition 
% Prop. ‘ 
x 100 fo 
se ee 
SiO ie sat eee be 92.47 153.96 Quartz Death oan oe ees 84-9 
AT Oca 'ats 5 Oona 0.10 0:13 BPAlbiterse = yess ee ee! 
PiOsex 3 yeto lo Ree 0.06 Q:04099) Muscovitem sar tt- mone neane 8-3 
‘Al,0," :_eey eeeeene 4.00 | 3.92: A Biolites 22. ae ee . 
Fe, 0.30 eee as ete 0.08 | 0.05. Oreste. 2 cc. © Gc ie Pe 
FeQj.eieeaoe Oren: ee 0.74 1.03 MA patitew st... =o maomee 0.2 
Mn Ogi ar tiecene fetes tr. — 
Meta aie ae 0.16 | 0.40 100.0 
CaO wera S false s 0.10 0.18 
Nas OMMe prem cs. az 0.51 0.82 
(82 = Sac ahs 1.04 1.10 
NEL DEAS ao hig Ren. .e ac 0.42 2.33 
TA pulOh peieew ar ale ce) se 0.08 
ed Sp. gravity 4 C: 2.671. 
if 


Analysis Nr. 26. 
Mica-Schists from Stenhakersberget. (Ls - 13 a.) 
Analyst: N. Sahlbom. 


Mol. Actual mineral | 
% Prop. composition Niggli’s System 

x 100 % 
SO ERA A ony 76.04 | 126.61 | Quartz ..... 42.1/qz = +236 
iO ees 0.17 OF21) PAL bite sine) ae . 22.8)/si = 456 
AO. iors, <1 oeewes 0.15 0.11} Microcline: , S 4y.e14°9|ti5 = 0.72 
IMWO RE esto 4 od 12.71 12.47 |Muscovite .... 118/al = 45.0 
NCOs Bee esc 1.05 66.) Biotite sy. oer 8.0/fm = 22.0 
HeOo ss. 7) eee 2.35 3.27 | Apatite, zircon. . O4/¢ = 3.0 
MnOr. tree 0.05 0.07 100.0 alk = 380.0 
MeO... eee 0.58 1.44 lng = 0.98 
Caz i>.) Geet 0.48 0.86 = 0.51 
INGO). "sac enn 2.52 4.07 e/fm = 0.15 
RO): eee 3.81 4.05 
Oe ee eat bs 0.58 3.22 
HO i eee 0.08 20° 

TTS Sp. gravity qo © 2.684. 


The cordierite-andalusite-schists. The higher one 
ascends in the series, the more advanced is the degree of metamorphism 
encountered in the schists. Cordierite and andalusite enter the com- 
position either separately or together, in which latter case they are 
often developed as knots along the cleavages of the rocks. Such is 
the case on the northern shore of Svarttjiirn, E. of Kvarnberg, where 
extremely knotty cordierite-andalusite-schists are strikingly developed. 
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Analysis Nr. 27. 
Schist. Fetingsberg Hill. (Ls - 24.) 


Analyst: N. Sahlbom. 


Mol. Actual mineral Nieeli’ | 
% Prop. composition iggli’s ref. 
| x 100 % eb 
SSS Se eee | 
Be 2 | BOAT 4:02) Quactzeen ey 22.8 | si 208 
TG ete en | 0.80 | 1.00 | Muscovite . . . . 204/qz =+ 40 
Creare ene O.589\7 0:87" | Nericite’s. .h.5 . 203i tl 2.52 
EMO) ksi. st 21.17 | 20.77 | (pseudomorphs of ale = 46.0 
Puce Cracow. 0.98 0.61 microcline) fr 34.5 
BEN M eee. ae, | 0.82719 .68780) | Chiorite=— . 7) 4 20.6)¢ = 2.5 
MnO... 2... «| 0.08 00. e AN bit eee en otal 17.0 
CLO Se eer POSaimeen 0.52) Ores) wae ee ee mel.O ime f= 0.42 
LD 6 0.55 | 0.08") Apatite. sts 55. Lak) *= 0.66 
- 2° Pe _ 
te Lit arn | — bos 106.0 ae 
“SCM ae 3.69 20.48 
T= () 5 1088 ; 0.16 
99.76 ; 
; | Sp. gravity a C = 2.766. 


Analysis Nr. 28. 


Albite-Mica-Schist by the shore of Woxna Alv River between Rullbo and 
‘ Woxna Hed. (Ls-13 2c.) 
Analyst: N. Sahlbom. 


Mol. | Actual mineral eee 
% | Prop. composition Aree ref. 
x 100 4, vyaiues 
ONPG teres. othe, 74.95 | 124.79 | Quarta ..... 41-2 \si = 439 
OE Se 0.08 OS ANDICC ene seis 24.8|}qz = +223 
OM SS MOS 90 0,06") Microcline <n a Li ith 0.35 
ete sre mone T2348) | MusCovite area) Lig hl 0) 
Gs) cena 1:46_1-* 0:91 | Biotite > . .. 10.27) tm 5.0 
Bete a 2.14 298 | Apatite... . .. 04/0 = 4.0 
MON ONS ee 0.02 0.03 300.0 ailie ND) 
MEOW. Gos Fs 0.72 1.79 Teale es 0.28 
ENO" ad Ue aie 0 68 1.21 k = 0.40 
ee ee 2.64 ae e/fm= 0.18 
ik AUH See : Seri7i 00 
H,O+ 108° i 0.59 3.27 
CS ee ee 0.08 
ae Sp. gravity a C= 2.801, 


The appended analysis, No. 29, of knotty schists N. of Voxna Hed 
clearly indicate a highly argillaceous rock, viz, an extensively meta- 
morphosed primary slate. The chlorite of this rock is of a secondary 
nature crystallized parallel to the schistosity of the secondary texture 
induced by the strong dynamic stress which succeeded the earlier re- 
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Analysis Nr. 29. 

Spotty Andalusite-Sericite Schist. Waster Hocklan brook north of Woxna- 
hed. (Ls - 717.) 
Analyst: N. Sahlbom. 


oe — — eee 


Mol. Actual mineral 
% Prop. composition Niggli’s System 
x 100 % 
ee EE 
SiOs vc. aoe ene 60.16) 100/17, |: Quartzin ea) cme ae 30.8 qz = + 78 
TiO... 2 ae 0.74 0.92 |Sericitic mica . . 28.1|/si = 234 
P.O}. sais em 0.24 Ole Chioriteg aa meee Pam 2.10 
‘Al, Oo uaa een 20.53 | 20.14 |Biotite ...... 88lal = 47.0 
INO on co o oF 6 1.57 0.98 | Andalusite. ... 81|/fm = 36.5 
AAO! YG Bolg a Al ic 5.96 5.29). VAS bite ens acme eee Ace t= 2.5 
MnOspee eee 0.02 0.033) Oressel nai meee 3.6)alk = 14.0 
Mo OPar reer: 46 2.10 521s CA patite see 0.5/mg = 0.34 
CAO Mean sts ms 0.54 0.96 300.0 ie = 0.80 
INGRON cotecree rere: 0.76 1.23 een — 0.06 
(CLUS ae a 4.53 4.81 | 
TED oe eo a ie 2.69 14.93 
BAO eee 0.22 20° 
NN Ise elie ceenminy yp UW se eich 
100.06 | SP: Stavity “4 


gional metamorphism. No potash felspar is present, but some green 
biotite and albite are part of the composition. 

An extremely beautiful, finely plicated sericite-cordierite schist, 
exposed at Hemtjarnsberget, is worth pointing out. It is of a silky, 
pink sheen and owns its colour to the presence of innumerable, small, 
strongly pleochroic, manganese-epidote crystals. The close proximity 
to the big sill of Risberg granite, outcropping to the N., may be 
responsible for this unusual type of metamorphic schist. 

The upper quartzites. The argillaceous sedimentation is 
interfoliated at a higher level with a bed of white quartzite of about 
10—20 m thickness, carrying as predominating constituents quartz 
and sericitic mica and accessorily albite, ores and small grains of a 
wine-red manganese-epidote. The chemical composition is given in 
analysis No. 21. Occasionally, the upper quartzite beds are of imposing 
thickness, such as at S. Kvarnberget, where the schists are reduced 
to very narrow bands. Where the quartzite is thinner, however, such 
as at Stallberget, it has undoubtedly taken part in the intense folding 
of the schists, as is evidenced by its strange micro-texture of pure quartz 
grains in a plicated arrangement, reminding one of the contorted 
Fetingsberg schists (cf. Pl. XVI). The heavy quartzite deposits previously 
mentioned have not bent so easily to the folding, and are bounded by 
faults relieving the tension. The microscopic appearance of the quartz 
grains is, too, devoid of any tectonical orientation, even if, optically, 
they are very badly strained. 
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Fig. 1. Sub-Loosian biotite-chlorite-schist from Stallstensberget. The gray 
mineral is biotite and chlorite, the white one is quartz. 
Ord. light. Magnif. x 55. 
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Fig. 2. Pink manganese-epidote with kernel (dark) of allanite. Sub-Loosian 
mica-schist at N contact towards sill of Risberg granite at Hemtjarnsberget. 
Ord. light. Magnif. * 35. 
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Sub-Loosian andalusite-schist W_ of Storlugnet, Woxna Aly. The poecilo- 
blastie andalusite is intergrown by quartz and tourmaline (upper left corner). 
The larger black crystals are biotite. Ord. light. Magnif. x 55, 
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Fig. 1. Quartzitic mica-schist SE of Abborrtjairn. The dynamic metamor- 
phism is indicated by the contortion of the micas. Nic. +. Magnif. X 10 


Fig. 2. Basal conglomerate of the Lower Loos Series, S of Losberget Cottage. 
Microcline grains (dark) filled with sericite. A quartz-breccia fissure 
erosses the picture. Nic. +. Magnif. X 10. 
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Greenstone dyke from Bjérkberg. Light-coloured erystals are augite, dark 

crystals are olivine-pseudomorphs, surrounded by light-gray edenite-reac- 

tion-rims and medium gray biotite. The small dark spots of the base are 
hornblende-prisms. Ord. light. Magnif. x 10. 
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ffusive greenstone of primary diabasic texture, from Loos Village. A great 
resivele ¢ y F > _ ] "So1 2 : 
vesicle at the bottom of the photograph. Ord. light. Magnif. x 10 
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Loos greenstone of primary ophitic texture at N. Hocklan. The dark areas 
are green pigeonitic pyroxene. Ord. light. Magnif. x 40. 
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Fig. 1. Loos greenstone of sub-doleritic texture from Bygget. 
Ord. light. Magnif. X 40. 
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Effusive greenstone of primary diabasic texture from Loos. D 
which is filled with chlorite 
(medium gray), quartz (white), calcite (light gray) and a central pistazite 
grain. Ord. light. Magnif. X 10, 
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The cyanite-andalusite-schists following on top of 
the quartzite would be quite similar to those underneath but for a con- 
version of some of the andalusite into cyanite. They occur in the 
immediate vicinity of the big fault E. of the greenstones. 


The different modifications of the Al,SiO;-minerals within the sub- 
Loosian schists agree very well with the supposed tectonic evolution. 
High stresses have undoubtedly prevailed at the base of the sediments 
during the regional metamorphism, and sillimanite has been the stable 
mineral. Where the shearing stress has been lessened by the pegmatitic 
intrusions of the conglomeratic zone, the relaxation has not been 
strong enough to disturb the stability of the sillimanite, even if it has 
slightly altered the anthophillite and led to the formation of cordierite. 
‘At intermediary stratigraphic levels no thermal influence of the granite 
has been active but as we approach the granites the thermal readjust- 
ment gradually increases, the sillimanite being replaced by the anti- 
stress andalusite. 

Finally, at the big down-faulting and sharp folding of the schists 
following the eruption of the greenstone, an intense shearing stress 
must have set in anew, creating the conditions necessary for the for- 
mation of cyanite within those parts of the schists affected by the 
movements. Cyanite is also quite conspicuous in the schists caught in 
the partial faults W. of St. Kvarnberget. 

As already intimated, the complete sequence exposed at Kuttermaki 
—Hemtjarnsberget—St. Kvarnberget, does occur elsewhere within 
the area but in certain parts only. A few of those may be especially 
mentioned. 

At Fetingsberg, only the bottom half of the series remains, strongly 
metamorphosed by the pegmatites of the Daasen granite wherever 
the latter intrudes the grayish-green albite-biotite-sericite-phyllites. 
They are converted into rather coarse pink gneissose schists of micro- 
cline, colourless quartz and mica, the albite dropping to small percen- 
tages and the accessory magnetite being oxidised, marginally or totally, 
into hematite. These pink, muscovite-microcline-quartzites are traceable 
as contact zones around the pegmatites. This is nicely shown 8.H. of 
‘Aborrtjirn near the highroad, where a pegmatitic dyke cuts obliquely 
across the schists. 

At V. Hacklan and Voxnaalv, N. of Voxna Hed, the arch of verti- 
cally tilted sub-Loosian sediments bordering on and interfoliated 
by the Risberg granite represent only the upper part of the succession, 
while the remains of somewhat lower strata are found intensively 
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foliated and metamorphosed S.W. of the river. A small occurrence 0: 
white granular quartzite down at the river and close to the superim: 
posed tuffitic Loos-series is undoubtedly thermally recrystallized 
and is supposed to represent the upper white quartzites. Their tectonic 
position is abnormal, the older schists to the S.E. most certainly having 
been thrust over them. 

A fairly large, probably down-faulted, triangular area of the lowe) 
quartzites is shown on the map to occur S. of Kuttermaki. Othe: 
small quartzitic areas also remain farther to the W. At Tackasen 
E. of Noppikoski, occurs a coarse gray quartzite of somewhat doubtin 
position. Petrologically, it shows a certain likeness to the sub-Loosiar 
series and has been provisionally mapped as its lower strata. Meta. 
morphically, however, it is totally recrystallized, almost gneissose 
The adjoining Risberg granite may be responsible, — if it is not, its 
age might be leptitic. 

At Raberg, N.E. of Noppikoski, the basal strata of the Loos-quartzites 
are of a somewhat sub-Loosian character and will be discussed late: 
(cf. p.. 239). 

Questionable is, too, the mapping of the sedimental series expose 
along the new road from 0. Hamravallen to Raisberget (N. of Hamra 
as sub-Loosian. The quartzitic mica schists at Raisberget as well a 
the quartzites about 700 m N. of Hamravallen are microscopically 
like the corresponding parts of the lower sub-Loosian. The dense bandec 
rocks intersected by granites and occurring immediately N. of Hamra 
vallen, on the other hand, have no correspondence with the sub-Loosiarz 
series, and strongly remind one of the banded leptites of Central Sweden 
The injecting pegmatitic granite also has an undesirable likeness to th 
Mansjé type. The rocks are cut, however, close to the outcrops by thi 
young Ratan granite, which lies adjacent in a great massive toward 
the W. and which has certainly had a very strong thermal influence 
on the schists. 

This thermal metamorphism may, of course, have confused the issue 
and may be responsible for the different habits of the rock. The tec 
tonic emplacement of the schists and their strike at right angle to th 
general schistosity of the old granites are the only evidences suggestin; 
a connection with the sub-Loosian rocks at Voxnailv. No additiona 
outcrops having been found in the neighbourhood, the question of th 
true age must be left open and the possibility of part of this area bein 
of leptitic age will have to be borne in mind. 
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The Lower Loos Series. 


The Unconformity Overlying the Sub-Loosian: 


The »classicy locality of this unconformity is located 8. of Losberget 
Cottage, a few metres E. of the road where it was first found when 
tracing the ice movement of conglomeratic boulders, and exposed 
by digging. By courtesy of the landowners, the Bergvik-Ala Company, 
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Fig. 8. Sketch-map of the sub-Loosian unconformity south of Losberget Cottage. 


to whom I herewith express my thanks, permission was obtaind to 
eave the main exposure uncovered, while the diggings across the 
sontact with the Loos-series had to be filled in again, as they inter- 
ered with the maintenance of the main road to Loos. 

The present exposure presents the picture of an old land surface 
Pl. XXVIII, Fig. 1) composed of small rounded pebbles of old gneiss 
yranites and quartz filling the interstices between sharp fragments of 
juartzites and schists, the whole cemented by a gritty matrix. The 
lescending succession of this polymikt talus-conglomerate grades into 
he biotitesericite-albite schists. In the now covered trench, dug 
owards the greenstones on the other side of the road, tuffitic greenstone 
vas found to overlie the sub-Loosian unconformably, while, at a 
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distance of a few yards, in one of the cross trenches, Loos quartz 
porphyry cut the tuffites and the conglomerate, exhibiting toward 
them chilled felsic margins. The details of the locality are shown by 
the sketch, Fig. 8. 

This unconformity has been traced some 2 kilometres to the N., a 
well as southwards to Kvarnberg N. of Kuttermaki. Here and ther 
it is disturbed and obliterated by the big N.S. fault; at other places 1 
is still preserved. W. of Svarttjairn the old land-surface cuts throug] 
the quartzites, conglomerate pebbles appearing within the quartzit 
and schists in increasing quantities when approaching the greenston 
(cf. Pl. XXVIII, Fig. 2). The unconformity is also established by 
quartzite fragments engulfed by the greenstone 8.W. of Hjarpberge 
Cottage, and by the greenstone brecciating the upper quartzites n 
the neigh- bourhood of Svarttjarn. The sedimentation of the greenston 
tuffites N. of Svarttjarn is also at a noticeable, even if low, angl 
to the schists. : 

The base of the greenstone lavas has undoubtedly extruded over ; 
land surface strewn with loose pebbles and boulders. Extensive basa 
greenstone agglomerates are found, partly as big boulders along th 
road to Loos from Voxna, but also in solid outcrops at the base of th 
greenstone escarpment, HE. of Loos village. These agglomerates contain 
besides fragments of old schists and quartzistes, an unusual amount o 
rounded pebbles of Mansj6 granite and migmatites. 


The Greenstones. 


The main greenstone area around Loos consists of old basaltic lav: 
flows erupted from a N.S. fissure. Probably the greater part of th 
eruption took place above sea-level as no typical pillow structures hav 
been found. The greenstone lies evidently unconformably upon a shighth 
eroded surface of the sub-Loosian schists, bordering partly on the schist 
and partly on the quartzites. Greenstone breccias of quartzites ar 
conspicuous in the southern part of the field round Tennskog. Larg 
areas of pyroclastic tuffitic greenstone occupy about 50 % of the area 
the remaining part exhibiting quite recognisable lava flows, one on toy 
of the other. These flows may, for instance, be examined on the north 
western and western slopes of Hjirpberget, where they dip toward 
the W. ; 

While the central part of these flows is dense or medium-grained, th 
top of the flows generally consists of a highly vesicular rock, the vesicle 
being filled by quartz and calcite.: Even the base of the flows sometime 
contains blow-holes but generally less plentiful and of smaller size. 
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Between the flows, agglomerates are occasionally exposed. They 
consist of effusive and solid greenstone fragments, sub-Loosian schists, 
old gneiss granites and pebbles or lumps of a keratophyric rock un- 
known in solid outcrops anywhere. When blasting a culvert for the 
water system of the Loos village some years ago, a striking section of 
such an agglomerate was temporarily exposed N. of the church. 

The thickness of each flow varies from 10—20 ft and the minimum 
total thickness may be computed as being 300 ft. Towards the base, 
some of the lavas exhibit a rather coarse-grained gabbroid texture, 
as may be observed in the eastern escarpment of the hill, E. of Tennskog. 

The greenstone also intrudes its own pyroclastic rocks, such intrusive 
sheets being conspicuous §.E. of Tennskog and N.E. of Loos in the 
valley N.W. of the Daasen Hill. At the latter place, however, the 
intense folding has disturbed the original emplacement of the rocks to 
such an extent that the »lit-par-lit» injections (cf. map) may be partly 
secondary. 

The greenstone lavas — their mode of extrusion probably being that 
of the plateau basalts — have apparently extended over a far greater 
area than that existing at present. Even if the greenstone occurrences 
at Loberget, — in the writer’s preliminary report referred to as Loos 

reenstones — are now believed to be old-archewan, a small relic of 
is: greenstone occurs at Lillskog village E. of the Loan river, as well 
as at Njupaklitt N. of Voxna. Although an E.W. fissure eruption, the 
former is certainly contemporaneous with the N.S. main eruption. 

A small system of fissure dykes, W. of the Voxna River at Bjérk- 
berg, may be taken as the feeding dykes of previous eruptions in those 
parts. As far W. as Tandsjéhallan Hill, on the eastern shore of Lake 
Tandsjén, a large xenolithic area of Loos-greenstone is found sub- 
merged in the Ratan granite magma. 

An abundance of partly effusive greenstone boulders, 8.W. of Rullbo 
along the new road from Hamra, indicate a greenstone area somewhere 
towards the N.W., but diligent search has so far failed to reveal any 
outcrops. 

_ The greenstones are cut by a number of small peculiar dykes especially 

plentiful in the Tennskog district and strikingly conspicuous in the field 
on account of their white colour. These dykes are undoubtedly late 
offshoots of the greenstone magma itself, and will be discussed later on, 
under the new name, »Andesinites». They do not occur outside the 
sreenstone mass itself. The latter is also intruded by other rocks of 
younger age, such as the Risberg and Ratan granite as well as the jot- 
nian doleritic diabase. A small dyke of this diabase, not shown on the 
map, occurs at Karlfors, N. of Loos. 
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In its best preserved parts, the Loos greenstone is frequently of an 
ophitic or diabasic texture, the dense and probably originally chilled 
types being those least affected by later metamorphism. In the 
coarser grained rocks, most of the primary features are obliterated 
(cf. Pl. XXX—XXXVI). 

The normal mineral constituents of the greenstones are a pigeonitic 
augite, a light coloured greenish hornblende, plagioclase, magnetite, 
ilmenite and pyrites. In the more highly metamorphic rocks biotite, 
epidote and chlorite are present too. 

The feeding dykes exposed in the deep-seated erosion section at 
Blommaberg present some difference, both in texture and in mineral 
composition. Their texture is not ophitic but granular; beautifully 
crystallized pyroxene crystals and olivine-pseudomorphs occurring in 
a ground mass of short green amphibole-prisms, small grains of pyroxene 
and colourless felspar. The pyroxene is of pigeonitic composition 
the following optical characteristics having been determined: 


Cy = 80°; 2V550 = 47.5°3 (y — a)ss0 = 0.024. 


The primary olivine is clearly marked by the ore skeletons indicating 
the original boundaries of the crystals, but the mineral is totally meta- 
morphosed into a mixture of a yellow-greenish biotite and equally 
coloured edenitic amphibole. The biotite displays a small axial angle 
of 4°—5° and the optical values of the edenite are as follows: 


c]., = 16°; 2Vs59 = 82°; (y — a)sse == 0,028. 
The amphibole of the ground mass shows a pleochroism varying from 


a bright olive green to a yellowish green, being characterized by some- 
what different optic values: 


cy = 14°: BVicks = Sie: (y —— a) sso = 0.016, 


This indicates a hornblende fairly rich in soda. The somewhat zonar 
felspar, occurring mostly within the interstices between the mafic 
minerals, is an albite of! the composition An,; is. Albite twinning 
is observed only occasionally. 

The nicely developed primary augite of this type of rock has, how- 
ever, more or less disappeared in the lava flows — even in the least 
altered — and has been replaced by brush-like radiating hornblende. 
Where the augite remains, it is slightly greenish with an extinction 
angle of 27°—28° and an axial angle of 2V,;, = 73°. The birefringence 
was measured as (y— a)550 = 0.029; indicating a pigeonitic augite, 
although of a composition somewhat different from that of the feeding 
dykes. The above values were determined on samples from an unusually 
well-preserved part of the small occurence at N. Hacklan, N. of the road 
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to Rullbo. The sample was taken from what was presumed to be the 
bottom portion of a lava flow. Towards the upper part of the flow, 
the pyroxene disappears, at the same time that the acidity of the pla- 
gioclase as well as the percentage of secondary hornblende and epidote 
increases. While the felspar at the bottom part is approximately 
Ano it grades into An,, at the top. Another flow, however, contains 
only albitic oligoclase of a composition varying between An, and Anjo. 
The basic plagioclase of the first lava-bed displays nicely shaped lathes 
stained slightly brown by pigmentation, while the acid plagioclase- 
lathes of the latter either present sinuously corrugated outlines or are 
granulated (cf. Pl. XX XI). 

The amphibole is of a light greenish hue, slightly pleochroic and of 
the following optic constants: 


e/, — Lbs 2) aes = 16 5 (y = @)sco — 0.018, 


The greenstone xenolithe at Tandsjohallan contains a simply twinned . 
plagioclase varying between An;, and An,; and a strongly pleochroic 
amphibole (°/,, = 15°) bluish green to colourless, indicating a relatively 
high percentage of soda. Taking the field as a whole, the plagioclase 
of the greenstone may be said to vary normally within the flows from 
andesinic to albitic, viz, from An;, to An,, but in many instances, at 
higher stratigraphic level especially, even the bottom part of the flows 
contains very albitic felspar, from about An, to An,, being a common 
average. Repeated albitic twinning very rarely occurs in the primarily 
preserved greenstone, even simple twinning sometimes being rare. 

We may, consequently, speak of a gradual albitisation of the green- 
stone, increasing from lower to higher level, not only within the con- 
secutive flows but also, in a lesser degree, within the flow sthemselves. 
There is hardly any doubt of this albitisation being an autogeneous 
process, developed within the greenstones themselves. Its evolution 
may also be followed by watching the development of the amphiboles, 
erowing from small scattered radiating patches into large brush-like 
ageregates interweaving the whole texture of the rock, and finally de- 
stroying its primary ophitic texture (cf. Pl. XXXIV). No analyses have 
been made of this hornblende, but it has all the characteristics of one 
rich in lime. As the albitisation proceeds, epidote, too, is formed in 
the vesicular and effusive part of the lavas. This epidote is always a 
pistazite rich in iron, (y — a)s550 = 0.046. It occurs as grains or solid 
shells around the vesicles, sometimes replacing hornblende, and is also 
found within the vesicles themselves as a result of secondary thermal 
metamorphism, wherever the greenstone comes into close proximity 
of the younger granites. Generally, the vesicles are filled with 
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quartz and calcite, and sometimes with nicely crystallized grains of 
pyrites. Another not uncommon filling of the blow-holes is a greenish- 
brown biotite with a core of greenish chlorite and quartz, all enclosed 
within a lining of hornblende. This latter mineral succession reflects. 
so to say, the changing stability-relationship, at increasing tempera- 
ture and increasing pressure, succeeding the primary crystallization 
within the vesicles. 

A certain amount of greenish biotite, almost undistinguishable at 
first sight from the hornblende always occurs in the greenstones. 
All the potassium seems to be normally bound as biotite, no orthoclase 
nor microcline being present. Another evidence of the progressing 
autogeneous albitisation is given by the streaks and sometimes by 
fairly large areas of diffuse accumulations of albite, which, so to say, 
dilutes the greenstone and even occurs as a dense, pure albite-fels. 
This albite-fels, being closely related to the last gaseous and hydro- 
. thermal transfer in the magma, is more or less accompanied by quartz 
and is also found to locally brecciate previously solidified rocks. This is 
not easily observed in the outcrops, but some nice examples were brought 
to light in the drill cores recovered from the prospecting borings of the 
Boliden Company. 

To these late-magmatic albitic concentrations there are also bound 
ore-concentrations which, in the 18th century, gave birth to extensive 
mining in the Loos Hills. These ore bodies — or, rather, impregnated 
ore zones — occur mostly in the vicinity of the boundaries towards 
the surrounding rocks, and in some cases, as at Stillstensberget, even 
the sub-Loosian schists are enriched. A natural explanation may be 
the trend of the volatile solutions to move in the direction of ieast 
resistance and lowest pressure, viz, towards the porous schists. The 
old mines around Loos Village were worked in the years 1721—i773. 
during which time a copper smelter was built and a factory erected 
which produced blue cobalt dyes. The cobalt ores, however, were not 
mined from the above-mentioned albitic greenstones, but trom a N.S 
calcite-filled fissure in the lava, which may be supposed to represent 
an ancient voleanic vent, in which exhalation products of the late 
magmatic activity had been deposited. This deposit proved, however, 
too small — 2 in. being the average, and 2 ft. the maximum width — 
to be of any real commercial value, and the mining came to an end at 
the end of the 18th century. In 1917, the mines were pumped dry 
by some optimists and the present author had an opportunity of in- 
specting the old workings. The yore» was found only as a small calcite 
fissure, about 1 in. wide, at the bottom of the mine and proved almost 
devoid of any ore minerals and was, consequently, quite valueless. 
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The minerals recorded from these mines are pyrites, pyrrhotite, 
chalcocite, chalcopyrite, sphalerite, galenite, arsenopyrite, niccolite, 
smaltite, cobaltite, native bismuth, bismuthenite and fahlerz. <A 
thorough mineralogical survey would probably add to the list. 

Even if the mines were economically a failure, scientifically they are 
of historic fame. It was in a sample said to be derived from Loos that 
in 1752 the Swedish chemist CronstEpr, discovered the element nickel, 
which was certainly a strange incident, as no nickel mineral was 
mined at the time and a later diligent investigation of the dumps has 
failed to reveal the slightest trace of any.. The present author even 
went to the trouble of turning the dumps bottom up by means of a 
charge of dynamite. Three years ago, however, the Boliden Company 
pushed one of their drill holes through about 1/, metre of high grade 
nickeline-ore within the greenstone, W. of the old mines, thus confirming 
the correctness of the earlier statement. Recent prospecting at Loos 
has not given any encouragement for the revival of the mining activities 
of bygone days. No workable gold was found, although some amount 
of silver and a fair percentage of copper was proved to be present. 
Unfortunately, the comparatively small size of the ore concentrations 
and the great distance from any shipping centre, exclude at the 
present price-level any economic exploitation. 
~ The chemical evolution of the Loos greenstones from their hypabyssic 
to their effusive phases is of special interest, as it may contribute to 
the lately rather lively discussion on the subject of spilitic magma. 

There is hardly any doubt of the spilitic character of the effusive 
members of the Loos-lavas, even if their extrusion can be supposed to 
have mainly occurred above sea-level. 

The following six analyses, Nos. 30—34b, were carried out, and 
clearly indicate a close similarity to earlier published analyses of spilitic 
rocks. They represent the feeding dykes, the bottom portion of the 
flows, the solid and effusive upper part and, finally, the andesinic late 
magmatic dykes from hypabyssal depths. 

Attention is immediately drawn to the undersaturated character 
of the more deeply seated rocks as expressed by a decreasing series 
‘of nephelite in the norm, from 8.84 in the feeding dykes, through 
2.50 in the bottom of the flows, to 0.29 in the andesinite. Computing 
a variation-diagram according to Niger one may, consequently, con- 
ceive a splitting up of the differentiation into two sequences, one of the 
more deep-seated, and one of the effusive rocks (cf. Fig. 9). The former 
leads through a rest magma of a composition somewhere between the 
central and outward part of the andesinitic dykes to pure andesine, 
and the latter leads to almost pure albite. The concentration of titano- 
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Analysis Nr. 30. 
Greenstone Dyke at Stenberg Hill, Bjorkberg (Ls - 633). 
Analyst: R. Blix. 
ae as Mode Niggli’s ee 
Ms cee D Syst stem 
x 100 ts sprees y 
iO 46.29] 77.07] Or . . 11.72} Amphibole. . 30.0 qz —40 s 48.4 
ne 0.75} 0.94/Ab. . 8.32] Plagioclase si 94 A 42 
PO, 0.00 —lAn. . 15.32 (AbooAms) . 20.9 | ti 110/C 33 
OF 12.53] 12.29|Ne. 8.84 | Biotite : Jy 20-6iral 15.0 |F 35.1 
Fe,0, 3.42| 2.14| Sgal. 44.20| Pyroxene 20.1 | fm 52.5 ja 3.0 
FeO 6.31] 878|Di. . 29.58 Ores 6.4 | ¢ 24.0 |c¢ ie 
MnO 0.17} 0.24]0] . . 16.87| Calcite 1.0 | alk 8.5 |f 24.5 
MgO 12.07 29.94 Mt. 4.88 100.0 mg ae a 
CaO 11.07 19.74 Tim 1.40 - fe 
Oa tae a eae 
2 : sacs Cee O.SS 
IG @ sence: 1.47 5.6) ——— 7 
CO, 0.38] 0.86 ae ee 
BaO 0.03 0.02 Ce eee | 
8 0.17] 0.53 99.67 
| 
Quantitative System: III: 6: 4: 4—5 — No name. 
Osann’s Type: No. 01. Workotsch (s o bes © 2, £ 24.5, 1 Ov 
0.67) 
H,0-18° | 09.99} Or: Ab: An: Ne — 26.52: 18.82: 34. fe. 20.00. 
ee Sp. gravit = C: 3.048. 
99:8) he See aed 


Coarse solid Greenstone, bottom part of flow. 


Analysis Nr. 31. 
Hjarpberget, Hill (Ls - 111). 
Analyst: N. Sahlbom. 


—_—_—_—_—_—_—_—_—— 


Mol. ne 
. Mode Niggli’s Osann’s 
s wee Norm % System System 
See 
SiO, 47.76) 79.52 |.Or-. 4.46 | Hornblende 50.5|qz — 36 s 52.4 
TiO, 1.70} 212/Ab. . 82.45] Albite si 106 ADRGst 
P.O, 0.46) 0.82/An. . 12.53] (Ab ,An,) . 40.7| ti 2.79/C 2.9 
ALO} 12.63] 12.39|Ne. 2.50 | Biotite -« -4.5/ al 16:5 Sle 
Fe,0, 1.78] 1.11] Sgay. 51.94 | Ores So eM) cam 59.0 ja 4.0 
FeO 10.97} 15.27)/Di . | 14.3]| Apatite... ole 14:0 |e 920 
MnO 0.11} 0.16] ©] 27.18 | Calcite _. -O2/alk 10.5 |f 24.0 
MgO 10.81} 26.81 | wrt See ~ 400.0 mg 0.60|/n 9.0 
CaO 5.87 | 10.47| Tim 3.21 a | Li 0.10) Qirm 
Na,O 4.37} 7.05 Ap 1.02 c/ffm = 0.24 
K,0O 0.77 0.82 Pr 0.22 
BL O+26") "9.074 Flap |e : 2 
4|— tem 45.46 
co, 0.06| 0.14 1.0 207 
S 0.08) 0.25 | "2 — 
99.47 
Quantitative System: IIT: 5: 2:5 — (Rang Kilauase). 
Osann’s Type: No. 70. Yons Peak (s ae a 3.5, ¢ 2, f 24.5, n 5.4, 
k 0.75). 
H,0-105° 0.08 Or: Ab: aren e — 8.59: 62.48: 24.19: 4.81. 
a 99.59 Sp. gravity ge C: 2.912. 
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Analysis Nr, 82. 
Fine-grained greenstone at Loos, cross-road to Ljusdal (Ls - v - 429). 
Analyst: N. Sahlbom. 


—&———_———— 


Mol. eee 
o, Prop. Nori Mode Niggli’s Osann’s 
x 100 0% System System 
ee 
sid, 49.42| 82.298/Or . . 7.79] Albite qz — 22 s 56.5 
TiO, 2.00] 2.50} Ab. . 36.69 (Ab,,An-) . 39.4/|si 126 AMDT 
0; uae —j|An. . 17.52) Hornblende . 38.4) ti 3.88/C 4.2 
Al,0s 14.99| 14.71|Ssa]. 62.00| Ores .... 121/al 223 |F 23.5 
Fe,0, 5.71| 3.58 Hy. . 5.87| Biotite . . . 10.1/fm 46°0" a 5.0 
FeV 8.88] 12.29/ pi. . 1959 ~ 400.0 |¢ 18.0 |e 4.0 
MnO 0.40; 0.56/01... 5.13 ewe TSO ag | Bil 
MgO 4.06} 10.07/ Mt. . 830 mg 0.33\/n 8.38 
‘| CaO Gel TE79 tim = 385 k O.17}k 0.86 
Na,O 4.32 6.97 3 fem 35.69 c/fm 0.39 
K,0 Se ae la ek me 
“ 5° H,O . 2.06 
HET, © + 108: PANGS UM Nae ha 
99.60 
Quantitative System: II: 5: 3: 4 — Andose. 
Osann’s Type: No. 75. Dignaes (gs 55, e hy eds 20k amy TEE 
k 0.80). 
H,0O—| 0.10 Or: Ab: ae 12.56: 59.18: 28.26. 
- |-99.81 Sp. gravity 4 C: 2.854. 


Analysis Nr. 33. 
Effusive Spilitic Greenstone at Loos, main road in front of the Church. 
(Ls - v - 428.) 
Analyst: N. Sahlbom. 


Mol. he ee 

Mode Niggli’s Osann’s 

: rata eet an 4, System System 

Sid, 55.66 | 92.67|Q . .. 6.37] Albite qz 7.5 4s 6125 

TiO, 1.50] 0.88/Or.. 7.26] (Ab,,An,) . 43.9/si 1545 |A 6.0 

PO, 0.06| 0.04|Ab. . 39.85] Hornblende . 25.4) ti 157/C 2.9 

Al,0, 1372) 13:46) An. 12.80) Quartz, . . . 11.6) al 23.5 |F 20.6 

Fe,0, 5:68) 5.58 | Sisal 66198 Ores . . . . 10:3) fm 45.0 |a 6.0 

FeO 6.95) = 267i as. {096 | Bictite . . . 18.6l\c 16.0 |e 3.0 

MnO 0.20] 0.28 By earll-32 Apatite... 0.2) alk Maes ee Pa 

MgO a67l O10/ME. . 8.15 ~~ 400.0 mg 0.85)/n 8.5 

CaO 5.27 940) Tim.) 2.15 afl :< 0.15\|k 0.99 

Na,O 4.71| 7.60 Sfem 32.38 c/fm 0.36 

K,0 1.25] 1.33)5 6 0.98 
mere) O98) 5.44) >2- 
99.64 


ee ee ee ee 
Quantitative System: II: 5: 2: 4 — Akerose. 
Osann’s Type: No. 57. Mte Austida (s 59.5, a 6.0, ¢ 4.0, f 20,5, 

n 6.9, k 0.94). 


Or: Ab: An — 12.11: 66.52: 21.37. 
| Sp. gravity we C: 2.916. 


|H,0—1°| 0.13 


| 99.73 
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Analysis Nr. 34a. 
Andesinite-dyke at Hjarpberget, Loos (Ls - v- 124). 
Analyst: R. Blix. 
Mol. Mode Niggli’s Osann’s 
’ ei ve 4, System System 
Sid, 56.99 | 94.89 | Ab 61.34 | Andesine qz —8 s 64.3 
TiO, 1.06; 1.a1|An; .. 31.72] (AbggAnz,) . 93.9/si 184 |A 80 
IR 0.25] 0.18} Or 1,13 | Titanomagnetite 3.4 | ti 2:52 Ces 
Al,O3 24,11] 23.65.| Ne . 0.29 | Chlorite (Sp,At,) 1.2 | al 46.0 |F 2.6 
Fe,0, 0.88}; 0.15 }C 0.20 | Muscovite . 0.9 | fm 0:0 Aka, 1320 
FeO 1.64| 2.28) Sal. 94.63] Apatite 0.6} ¢ 23.0 |e 13.0 
MnO €.08) (002) or fence Hoo (alk 23.0 ft eee 
MgO 0.19) O.47/Me. . 1.31 | mg O13) gs 
CaO 6.73 | 12.00 | Tim 1.99 k 0.02;k 0,97 
Na,O 7.32} 1181) ap. . 0.59 c/fm 3.08 
K,0 O21) 022 Wee a 
105° a = . 
BOT 0.82 1.78 H,0 0.32 
99.67 | 

a a |e ee 

Quantitative System: I: 5: 8: 5 — Loosose (proposed name). 

Osann’s Type: No corresponding type (s 64.5, a 13, c 13, f 4, 

n 9.9, k 0.97). 
H.O—108° 0.07 (Ome ANnk Ane New == E19) 64,90: 33.57: 0.384. 
: —— S gravit, _ C: 2.740 
pea. 60] SPSS TaVity seg G- 812 


Analysis Nr. 34 b. 
Centre of Andisinite-dyke at Tenskog, Loos. 


105° 
H,0 


Quantitative System: II: 5: 3: 5 — Beerbachose. 
Osann’s Type: No corresponding type (s 595, a 8, ¢ 8, f 14, 


Or: Ab: An — 0.74: 64.76: 34.50, 
Sp. gravity i C: 3.020. 


n 9.9, k 0.88). 


Analyst: H. yon Eckermann. 
0 ae A ov Mode Niggli’s Osann’s 
x 100 9% System System 
a ee a 
SiO, 49.04} 81.65) Ab. . 52.20| Andesine qz — 29 8) oes 
TiO, 4.60) 5.76) An. . 27.81] (AbsAng,). 79.6/si . 141 |A 69 
IO 0.92} 0.65] Or . 0.59 | Titano-magne- ti 10.04/C 7.1 
Al,0, AileLon 20) 755) Coe OFL (itten 5°, cite 36.0 |F 12.1 
Fe,0, 3.78| 2.87! Seal, 81.31 Chlorite(Sp,At,) 2.9 | fm 25.5 ‘la 18:6 
FeO 6.48/ 8.95] 0) . 1.50} Apatite . 2.1} ¢ 21,0 sc po 
MnO 0.63) 0.04 | yt 5.50 | Muscovite .. O.5/alk 175 |f 140 
MgO O45) 12a 8.77 100.0 | ™8 0.07|/n . 9.9 
CaO 6.76 | 12.05 | p, 0.33 mee ic 0.01) k) 70's 
Na,O 6.20} 10.00 AD. . 207 e/fm 0.21 
K,0 1 0.18 0.14 >= fen 18.17 Pp 1:21 
H,O+) 0.86] 1.94) 7em> loli 
S 0.08] 0.25 | #20 .__0.88 
99.83 
99.92 
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magnetite-ores at the centre of the andesinitic dykes must be referred 
to secondary retrogressive differentiation within the dykes. 

The differentiation is also accompanied in both cases by a decreasing 
Potassium content and increasing titanium, The Fe,0,: FeO tatit 
moves from 0.54 in the feeding dykes to 0.81 in the spilitic effusives, 
but attains only 0.53 in the andesinites. There is also a marked diffe- 


Anal. Nr ANLits 


Fig. 9. Nicer diagram of the Loos greenstones. 


rence in the percentage of apatite, which runs to almost nil in the former 
but increases its concentration in the latter. 

As shown by the modes, the potassium never occurs as felspathic 
mineral but always combines into biotite. In the feeding dykes, how- 
ever, some small relics of orthoclase have been observed, although 
their percentage is too small to enter into the mode. 

Recently the origin of the spilitic rocks has been widely discussed 
and the different opinions on the subject were admirably summarized 
‘by Grututy (Am. J. Sc. Vol. 1935). If the analyses of the present 
spilites are plotted together with other Swedish rocks described as 
‘spilites in various diagrams, no important differences can be noted. 
From what has been said about the Loos rocks, the present author must 
draw the conclusion that the postulation of a special spilitic magma 
is not warranted by the actual facts. The spilitic character in this 
case is evidently the result of late magmatic metamorphism within 
the magma itself, the earlier erupted rocks having, so to say, been 
ystewed in their own juice». It is not necessary, therefore, either to 
create any ingenious hypothesis to explain the presence of the albite, 
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or to assume any unusual cause of differentiation within an unknown. 
magma. 

Even if the average analyses may show some differences when com-. 
pared with the analyses of the average metabasalts or basalts, as sum 
marized by FarrparRN in his recent paper on the spilites (8) these diffe- 
rences are rather insignificant. When compared with the basalt, the 
Loos-greenstones, as well as the metabasalts, as is emphasized by 
FarrparrN, show an alteration accompanied by loss of total Fe and 
Na,O but with a constancy of Si0., MgO and CaO. The present author 
is firmly of the opinion that the Loos-greenstones were originally 
nothing else but ordinary basalts. 


Finally, a few words may be said respecting the metamorphism of 
the greenstones due to exogeneous influence. 


Attention has already been called to the transformation of calcite 
and quartz into epidote within the vesicles, a feature actually used by 
the author as a helpful »guiding fossil» when first mapping the boun- 
daries of the greenstones. The influence of the surrounding potassice 
granites has, too, in the proximity of the contacts, led to a noticeable 
increase in biotite, not accounted for by the primary potassium content, 
but due to the passage of solutions from the granite. The thermal 
metamorphism has also led to the total recrystallization of the felspar 
lathes into irregular grains, to the increase of hornblende and the total 
disappearance of pyroxene. At the very contact, however, a diopsidic 
augite reappears, the temperature rising to the level of retrogressive 
metamorphism. Within certain areas of the northern part of the 
greenstones where, in addition to the rise in temperature, a considerable 
stress must have prevailed connected with the transversal folding of 
the Loos-syncline, the green hornblende is transformed into anto- 
phyllite and even some chlorite, the liberated lime at the same time 
forming pistazitic epidote. 

Where, as along the brecciating fault lines, the greenstones have 
been subjected to intense shearing stress without rise of temperature, 
they are generally turned into totally crystallized schistose amphibo- 
lites, the earlier radial amphiboles changing into elongated prisms 
arranged along the planes of schistosity (cf. Pl. XXXIV, Fig. 2). 
Generally, no epidote is present in those amphibolites. Turning to the 
tuffitic greenstones, we find their autogeneous and exogeneous meta- 
morphism similar to that of the solid rocks. Obviously, however, they 
have in places not been subjected to the influence of the late magmatic 
albitic solutions; this, for instance, is the case at the Orrekullen Hill 
S. of Risberg, from which analysis No. 35 has been prepared. 
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Analysis Nr. 35. 
Tuffitie Greenstone, south-western slope of Orrekullen Hill (Ls - 451), 
Analyst: N. Sahlbom. 


ee 


Mol. : 
9 Prop. Nie ie Mode Niggli’s | Osann’s 
x 100 9 System System 
—_— 
si0, 52.69| 87.73|}Q 0.66 | Plagioclase 30.8 
eee : g : 8]qz —11 s 56.0 
TiO, 1.80) 2.25/Or. . 3.85] (Ab,, An,,)*) . si iby IN Br 
EOF 0.20) 0.14 |Ab . 27.77| Pyroxene . . 24.5 | ti 3.16)C 3.8 
Al,0, 12.31| 12.08|An . 16.97| Hornblende . 19.2] al 17.0 |F 29.2 
Fe,0, 3.47 2.17 | Sal . 49.25| Biotite . . . 10.6/fm OOo asso 
FeO 6.93 | 9.65 Hy . 17.41|QOres .... 8.5/e 24.0 |c 3.0 
MnO 0.10} O14|)pi  . 2445/ Quartz ... 6.0} alk 8.5 |f 24.0 
MgO 8°89 22.05/Mt. . h.op| Apatite... 0.4|mg 0.65)n 8.9 
CaO 9.77 eeu Gian owe, 100.0 k 0.12)}k 0.95 
Na,O ded 5.28 Ap ; 0.38 | ~~ | e/fm 0.48 
ats 4-108 ae ih |Xfem 50.74; *) Average compo- 
2 , ; H,0_. 0.18 sition. 

100.17 
oS 
Quantitative System: IJI: 5: 3: 5 — Ornose. 

Osann’s Type: No 76. Gerstenberg (s 52.5, a 3.5, c 4, f 22.5, n 7.7, 
k 0.80). 
H,O— 105° 0.07 | Or: Ab: en 7.95: 57.15: 34.90. 
100.30 SP: gravity “4° C: 2.940. 


The mode in this case shows an average of more basic felspar, and a 
pigeonitic pyroxene is largely preserved. The optic characteristics of 
this latter mineral: 


2V 550 = 42°; °%/, = 37.5°; (y — a)s50 = 0.031 


clearly indicate a composition corresponding to the mineral of the solid 
magma. The biotite, too, is of the same greenish colour, and the habit 
of the hornblende indicates a partly advanced metamorphism, which, 
however, may have been increased subsequently to the emplacement 
of the tuffite by the folding of the syncline and the thermal influence 
of the adjoining Risberg granite. 

At some places, the tuffitic greenstones have been subjected to an 
intense metamorphism, both dynamically and thermally, completely 
changing their mineral constituents and obliterating all primary fea- 
tures except the presence of ilmenite, which latter may still be seen as 
streaks of grains along the planes of schistosity. Two examples may 
be taken as representing the two main varieties — the tuffitic schists 
between Lakes Daasen and Sittndssjén, and the tuffites 8. of Rullbo. 

The present »mise en place» of the former rocks is rather involved. 
Having been deposited horizontally or on the slopes of the volcanoes 
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of those days, the tuffs must have partaken in the first N.S. synclinal 
foldings of the Loos-field and may even have been thermally altered 
by the regional rise in temperature following the intrusion of the granite 
of the Daasen Hill. If the writer’s conception of the tectonics is accurate, 
however, they were not in direct contact with this granite, the close 
proximity to the granite of to-day resulting from their displacement 
southwards at the time of the Ratan intrusion, when the northern part 
of the syncline was crushed from the N. and folded at right angles into a 
new H.W. syncline. 

The tuffs were then squeezed between the older rocks to the S. and 
the advancing Ratan granite from the N., and at the same time ob- 
viously subjected to a considerable rise in temperature, accompanied 
on the N. side by an accession of volatiles from the magma. As set 
forth in more detail in the following chapter, the Ratan granite, it is 
true, seems remarkably »dead» along its contacts, and is made con- 
spicuous by the almost total absence of accompanying pegmatites. 
Nevertheless, a notable metasomatic metamorphism is observable 
along the northern contact towards the tuffitic schists, even if it pene- 
trates only to a moderate depth. 

The southern half of the schists are true amphibolites. Green pris- 
matic hornblende is a predominating mineral, forming about 60—70 % 
of the rock, the balance being made up of nicely twinned andesinie 
felspar, some quartz, titanite and titano-magnetite. The hornblende 
is optically negative ¢/,, = 19°, and has an axial angle of 2V559 = 79.5°. 
It is of a deep green colour. The titanite and titano-magnetite occur, 
true enough, in strings following the direction of the elongation of the 
hornblende, but a local increase in quantity is noticeable in zones at 
an oblique angle to the strike, which may, or may not, indicate the 
original planes of sedimentation. 

Crossing the amphibolite schists towards the Daasen granite, the 
oriented texture gradually grows less distinct and the rock merges 
into a typical hornfels, a brownish biotite simultaneously entering 
the composition and distinctly replacing the hornblende. Finally, 
the hornblende disappears completely and the rock is changed into a 
dense grayish, brown hornfels, with bluish-black elliptical or circular 
spots of resinous lustre on fractured surfaces, which, in thin section, 
are seen to be poeciloblastic cordierites. These stand out on weathered 
surfaces as 1—2 em-long ellipsoids, making the rock distinctly knotty 
and reminding one of a miniature conglomerate, 

The mineral constituents in addition to the cordierites are; biotite, 
some antophyllitic amphibole, quartz, and a little ilminite and magne- 
tite. The plagioclase and the titanite have disappeared. No chemical 
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Fig. 1. Advanced metamorphism of greenstone. Developing of secondary 
green biotite (dark spots). Light gray is hornblende. Ord. light. Magnif. X 12. 


Greenstone, npletely metamorphosed into amphibolite. 
Ord. light. Magnif. X 12. 
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Griinerite in greenstone. Southern fault at Hjarpberget. Nic. +. Magnif. x 40. 
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Fig. 1. Totally re-crystallized amphibolitic greenstone at the contact towards 
S sae rae a = * => , 0 
the Ratan granite at Ojungshammaren. Ord. light. Magnif. X 8. 
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Fig. 2. Contact (arrow) between greenstone to the left and quartz-porphyry 


to the right, NE of Risberget. The porphyry is contaminated by pyrite 
(black) absorbed from the greenstone. Ord. light. Magnif. X 10. 
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Fig. i Keratophyric pe bble in greenstone agglomerate from N. Hocklan. 
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Fig. 1. Microcline phenocrysts in effusive Loos quartz-porphyry, Risberget. 
Ord. light. Magnif. < 10. 


Fig. 2. Loos quartz porphyry from a small lake, SW of Oratjiirn N of Woxna 


Hed. Primary fluidal textures are still preserved. Groundmass is rich in 


biotite. Ord. light. Magnif. X 10. 
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Fig. 1. Daasen granite from the hill S of Langtjairn. The twinned micro- 
cline phenocryst is filled with oriented sericite. Nic. +. Magnif. X 10. 


Fig. 2. Hybrid Ratan-Risberg granite from Svartan. A typical plagioclase of 
inverse zonal structure at the lower right corner. Nic. +. Magnif. X 10. 
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analysis of this rock has been made, but a removal of lime as well as 
soda from the amphibolite is obvious. 

‘The metamorphism of the schists is almost identical with that de- 
scribed by TintEy as associated with the greenstone hornfelses of 
Cornwall (35). Only the transitory cummingtonite-antophyllite-pla- 
zioclase phases of his metamorphic sequence are mostly absent. The 
actual contact with the granite is not exposed but, a short distance 
away, the ordinarily pink granite exhibits a gray marginal phase en- 
riched with sodic plagioclase. The chemical changes brought about 
at the contact may, therefore, be considered as partly an interchange 
of alkalies, lime and silica, — the potassium and silica of the granite 
having passed into the greenstone schists, thus resulting in the forma- 
tion of biotite and the lime and soda of the latter having migrated into 
the granite — and partly as an internal magnesia-metasomatism resulting 
in the magnesia and alumina, which have been set free by the decom- 
position of plagioclase and hornblende, combining into cordierite. 
Some of the alumina obviously enters the biotite, which latter may 
retain a minor portion of the soda, too. 

Turning to the exceedingly fine-grained, almost dense tuffitic schists 
5. of Rullbo — probably originally ashes — their present metamorphic 
state is somewhat different. Cordierite is totally absent, and the mi- 
heral constituents of the strongly schistose and foliated tuffs are, 
mainly, brownish biotite, sericite, albitic plagioclase and quartz. 
Within zones of intense shearing stress, large roughly rectangular dark 
green poeciloblastic chloritoides are scattered through the rock (cf. 
Pl. L), giving it megascopically a spotted appearance. Numerous 
streaks of small ilmenite and magnetite grains are always present. 

Only occasionally are there found zones where the »originaly horn- 
blende still remains, mostly transformed, however, into cummingtonite. 
The potash-felspar is conspicuously absent, although in many. cases 
one would have expected it to have been formed by a retrogressive 
metamorphism at the advanced stage of metamorphism here represented. 

On the other hand, the tuffitic phyllites farther S.E. of Rullbo at 
she river V. Hacklan bear witness to a decided relaxation of shearing 
tress at some later period of their metamorphism, as is clearly em- 
yhasized by the occurrence of andalusite in irregular spots. Theoretically, 
t is true, this andalusite may also have originated by contact meta- 
morphism due to the not very distant Risberg-granite, but the fairly 
estricted andalusite-bearing strata do not show any conformity with 
the granite contacts. Where the Risberg granite (or maybe also off- 
shoots from the Ratan-granite) have intruded the corresponding 
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tuffites 8. of Rullbo, no andalusite is found within the vicinity, and in 
that case the only noticable metamorphism is an increase of muscovite 
and the accession of felspathic material. 

On the other hand, the proximity of the Risberg granite, rich in 
volatiles, must have had a considerable influence on the tuffitic sedi- 
ments as a whole, as evidenced by the fairly common occurrence of 
tourmaline; the granite being certainly largely responsible for the loss 
in lime and the disappearance of the amphiboles prior to the intense 
folding of the tuffs. The remaining amphibolitic character of certain 
layers here and there speak for a permeation by the volatile granitic 
solutions along the more porous bedding planes, leaving the more 
solid unaffected. 

Turning farther N. along the V. Hacklan river, a somewhat different 
metamorphic picture is presented by the tuffs adjoming the small area 
of greenstones exposed within the late Loosian slates N. of the road 
to Loos. Partly they correspond to the metamorphic grade of their 
parent greenstones, but, in some small outcrops at their northern boun- 
dary there has arisen a deviating and interesting cross-breed between 

the Rullbo and Daasen tuffites. 

' The mineral constituents of the main type of this latter rock are: 
a dirty-brown biotite, sericitic mica, albitic plagioclase and innumerable 
grains of titanic ores, constituting a ground mass within which the 
previously mentioned dark green porphyroblastic chloritoides are 
scattered. Amphibole is almost totally absent. Within this rock, 
however, large patches occur where a highly sieve-structured andalusite 
occupies about 70 % of the area. Within this there are scattered spots 
of a more or less radially arranged concentric mineral crystallisation 
around cores of cordierite. The central cordierite is, in many cases, 
a nicely pseudo-hexagonal twin surrounded by a thin fringe of light 
green chlorite. Outside the chlorite there is a shell of minute flakes of 
sericite, succeeded by radial dark green chlorite. In its turn this ferrous 
chlorite is followed by a new aurole of somewhat larger flakes of sericite, 
surrounded by brown biotite and, finally, the whole »nest» is separated 
from the surrounding andalusite by a zone of quartz (cf. Fig. 10). 

I shall not attempt in this connection to give an explanation of this 
peculiar metamorphism within the regional metamorphism of the 
parent rock, as this will be made the subject of a special study, but 
I may suggest the possibility that the andalusite patches represent 
primary agglomeratic inclusions of different chemical composition 
within the tuffitic sedimentation, derived, maybe from older rocks, 


maybe from differentiation members of the greenstone magma 
itself. 
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The metamorphic agent should be looked for in the Ratan granite 
to the N. 

Finally, the presence of a large content of potassic mica within the 
tuffites, even at an advanced grade of metamorphism, is worth em- 
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Fig. 10. Concentric metamorphism within Loos tuffite. 
(Centre) — Cordierite—Light-green Chlorite—Sericite—Darkgreen Chlorite —Sericite— 
Brown Biotite—Quartz—Andalusite (Rim). Magnification 20 diam. 


phasizing, as it confirms TILLEY’s suggestion (Min. Mag. Vol. XXI, 
1920) of this being the normal course in the presence of a sufficiency 
of water. The general case of orthoclase taking the place of the dwindling 
and disappearing muscovite with advancing metamorphism, as stated 
by Harker, certainly does not apply to the Loos tuffites. 
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The Loos Rovpiiy cy. 


The greenstone is overlain, without any intermediate sediments 
except pyroclastic tuffites and agglomerates, by lava flows of a pro- 
nounced potassic quartz porphyry, which in the highest hilltop, S.W. 
of Loos, grades into flows of more intermediary sodic-potassic porphyry. 
There also occur distinctly amydaloid effusive types of quartz prophyry, 
with vesicles filled with quartz of a characteristic blue opalisation. 
This quartz has been used when tracing the sediments arising from 
the breaking down of the old prophyry area. 

At the small porphyry area around Hjarpberget the following de- 
scending stratigraphic succession is exposed. 


Youngest: Porphyry-tufe. 
Effusive porphyry. 
Quartz-porphyry. 

Oldest: Agglomerate. 


The agglomerate rests on a highly epidotized greenstone (the usual 
sign of a thermal contact metamorphism) and consists of fragments 
of greenstone within a matrix of quartz porphyry. The succeeding gray 
quartz porphyry and dark gray effusive porphyry are the bottom and 
top parts respectively of the same flow, on top of which the acid tuffs 
have been deposited later on. 

At Gullmyrberget Hill, W. of Loos, a reddish-brown porphyry occu- 
pies the very peaks of the ridge, obviously being the remains of an earlier, 
more extended, lava flow extruded at that level. The porphyry is 
superimposed on an older flow of gray quartz porphyry, but in this 
case no agglomerate separates the base of the latter porphyry and the 
top of the greenstones, although the usual strong thermal metamorphism 
expressed in the epidotisation of the greenstones is present. 

To the N.W. and W. of the ridge, at lower topographic levels, there 
alternate quartz porphyry and white felsitic tuffs (cf. analyses No. 40). 
The same succession is observed N.W. of Loos, at Ryggskog. Bordering 
on the greenstone to the E., dense gray quartz porphyries grade towards 
the W. into red felspatic porphyries underlying the Loos-quartzite 
at Ryggskog. Another small area of brown porphyry is exposed im- 
mediately to the E. of Losberg Cottage, in a disused gravel quarry, 
and may represent the neck of an old feeding channel or a sill, rather 
than a flow. It extends southwards following the base of the greenstone 
and is separated from the top conglomerate of the sub-Loosian schists 
by a thin layer of greenstone tuff. This contact was studied by the 
author N.K. of Aborrtjirn where pits were dug down thorugh the mor- 
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raine. A fairly strong thermal metamorphism undoubtedly connected 
with the intrusion of the porphyry was observed within the tufts. 

Farther southwards, S. of Karlsberg and N. of Tennskog, occur two 
outcrops of a grayish somewhat porphyric rock, which was first taken 
to be an old metamorphic porphyry within the sub-Loosian series, 
and, still farther S., N.E. of Mansjé, another isolated outcrop of a highly 
effusive type of the same porphyry was temporarily exposed during 
road-work. Numerous boulders of this latter porphyry may be exa- 
mined along the bye-road leading down to the Mansj6 Cottage. This 
porphyry lies, so to say, along the strike of the Losberg porphyry and 
has the same character of a fairly narrow, elongated body. 

Further study of the metamorphism of the porphyry caused by the 
Risberg granite and the laboratory examination of the slides has led 
the author to desert his earlier theory and to regard this gray porphyry 
as a sill of the Loos series thermally metamorphosed in connection 
with the intrusion of the said granite, and also strongly subjected to 
dynamic influence at the synclinal folding of the district. 

At Risberg Hill, where the granite comes into direct contact with 
the effusive porphyry at a number of beautiful exposures, the thermo- 
metamorphism in question has been proved to be one of rather local 
extension affecting the porphyry to a limited depth of a hundred yards 
or so. This has led the author to assume a close proximity of the Risberg 
granite also along the E. boundary of the porphyry-sill. The corres- 
ponding mapping, however, is not substantiated by any actually ob- 
served outcrops. This is clearly shown on the map. The presence of 
any larger body of younger granites below the porphyries must be 
ruled out as, if any existed, the old migmatites 8. of Tennskog could, 
in such a case, hardly have escaped being turned into hornfelses, or 
being otherwise locally metamorphosed. 

As shown by the map, well-preserved lenticular sills or feeding dykes 

of porphyry are also exposed at several other places within the green- 
stones. Sometimes they exhibit chilled marginal borders towards the 
sreenstone, sometimes, not, from which observation it may be inferred 
that the extrusion followed immediately on that of the greenstone, 
while the latter was still hot in places. 
-The quartz porphyry N. and N.W. of Risberg seems to have partly 
ntruded between older tuffitic beds or flows of greenstone, their con- 
acts having chemically absorbed material from the greenstone even to 
he extent of the quartz phenocrysts and vesicles being filled with 
yyrites, while the average porphyry, in striking contrast with the green- 
tones, hardly carries any pyritic minerals whatever. 
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The ore-concentrations within the greenstones, all being situated 
some 100—500 m. E. of the porphyry contact itself, indicate a prolonged 
late-magmatic circulation of albitic and hydrothermal solutions in 
these marginal parts of the greenstone, and may have constituted a 
zone of weakness along which the major part of the porphyry has 
erupted, 

Even if it is firmly established that the main greenstone extrusion 
preceded the acid lavas, the author has been in doubt in some Cases, 
however, whether an alternation may not have taken place. Between 
Tallberget and Tennsberg Hills, for instance, there are found numbers 
of tuffitic boulders displaying an alternating banding of acid and basie 
tuffs. This banding may, of course, result from resedimentation by 
torrential rains during the volcanic period. The absence of any ande- 
senite dykes or late albitic differentiates within the porphyries also 
speaks against two separate acid eruption periods. 

The range of chemical composition among the porphyries is elucidated 
by the appended analyses No. 36 and 37, which indicate an originally 
liparitic to andesitic lava. The mineral composition actually observed 
is given in the mode where, however, the composition of the felspars 
is given as a calculated average. Actually, the plagioclase-phenocrysts 
are generally somewhat more basic, about 2—6 %, than the plagioclase 
of the ground mass. 

The decidedly sodic porphyry contains an albitic plagioclase, some- 
times displaying periclinal twinning, while the potassic quartz-por- 
phyries run into andesinic felspars. Quartz-phenocrysts occur in both 
rocks, but are obviously predominant in the quartz-porphyry. They 
are of a strongly undulous extinction, although, megascopically, the 
rocks do not appear dynamically affected. Their partaking in the folding 
of the Loos-synclines is, however, also emphasized by the broken 
plagioclase phenocrysts, which are tabular in the quartz-porphyries 
and often lath shaped in the porphyry. The broken pieces are joined 
together by a secondary green chlorite. 

The plagioclases are sometimes also protoclastically brecciated by the 
ground mass itself and sometimes very much corroded The orthoclase 
is represented only as strongly corroded phenocryst relics, the bulk of 
the potash-felspar probably remaining in the ground mass as micro- 
cline. The ground mass itself, composed of the two felspars, quartz, 
and some sericitic mica, is granular and pigmented by titano- 
magnetite (cf. Pl. XXXVIII). 

Occasionally, ore grains are surrounded by shells of secondary ti- 
tanite. Fairly coarse granophyric textures are also observed around 
some of the plagioclase-phenocrysts. 
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Analysis Nr. 36, 


Porphyry from the top of Gullmyrberget Hill (Ls - 364). 
Analyst: N. Sahlbom. 


Mol. | Re 
a Pt <pesat M ee € peel Osann’s 
x 100 9% System System 
a SL 
/ | 
Sio, 70.71) 117.73/Q . . 24.98] Albite. . . . 43.0lqz +97 Is 77 
iO, 0.50} 0,.62}Or. . 26.19 (Ab,, An,) | si 339 |A 8.0 
PO; 0.28 0.20; Ab. 39.28 | Qiartziy ose ous O tt 1.72)/6° 012 
Al,0, 12.77| 12.52|An . 0.84} Microcline and al 36 |F 638 
Fe,0, 3.35) 2.10) Ssal. 91.99| Orthoclase . 14.9) fm 22.5 |a 16.5 
FeO 1.60} 2.23/pi. . 9.18] Mica (chlorite) 9.3|c 6.0 co 0%5 
Mn0 0.02) 0.02|/Hy . 0.30| Ores (Ti-magne- | alk 390.5 |f 138.0 
MgO 0.54 1.34) Mt. . 3.79| tite) -. . . 46)/me 0.17;/n 6,1 
CaO 1.14} 2.03|Hm . 0.79] Apatite... O.7|k 0.39) k 1.41 
| Na,O 4.62} 7.48\)Tim . 0.93] 100.0 | °/fm 0.26 
K,0 4.47] 4.74/An . 0.68! + 
Bee's 205°) 0.82 1.80 Sfem B58 
H,O . 0.38 
100.25 
Quantitative System: I: 4: 1: 3 — Liparose. 
Osann’s Type: No 4. Cantina Ziton (s 78, a 18, c 0, f 12, 
n 6.2, k 1.23). 
H,O-| 0.16 Or: Ab: a 39.63: 59.24: 1.13. 
100.48 Sp. gravity “4. C: 2.670. 


Analysis Nr 37. 
Quartz-porphyry from Lappmyrberget Hill (Ls - 780 a). 
Analyst: N. Sahlbom. 


Mol. | Mode Nigel?’ re) ’ 
ggli’s sann’s 
; 100 nhs So % System System 
sid, 7154} 11911 \Q@ — > 38.50) Quartz. . . 35.4\iqz) £178) jie 775 
iO; 0.48} 0.60|Or. . 29.37] Sericitic Mica 20.0 | si 374 |A .6.6 
20, 0.12| 0.08|Ab. . 12.59] Orthoclase . . 19.5] ti 1.90|C 2.1 
Al,O, 13.48] 13.22} An . 8.08] Plagioclase . 20.8} al EDI (ND) pat 
Fe?0, BS} 44.83 1C 2. 1 62-65 |) (Ab. An,,) fm 24.5 |a 14.5 
FeO PIER) || BEA Sori eee | seas eo oe cellante 10.0 |e 4.5 
MnO 0.05) O.07/Hy . 361|Apatite .. . 0.3 | alk 24.0 |f 11.0 
MgO 0.72 LIT Mt. 3.05 100.9 | ™s 0.28\n 4.4 
CaO 1.79| 3.19\Tim . 0.96 ee |t2 0.69)k 1.64 
| Na,O 149| 240} Ap . 0.28 c/fm 0.41 
| K,0 4.99; 5.30) Spon 7.90 
H,O+ 1 0.65| 3.61 HO . 0.65 
| 99.74 
lh a NE I cr el el 


Quantitative System: I: 3: 2: 2 — Mihalose._ 

Osann’s Type: No 22. Llao Roch (s on 17, ¢ 5.5, f 7.5, n 6.4, 
k 1.54). 

Or: Ab: An — 58.69: 25.16: 16.15. 


Sp. gravity ae C: 2.670. 


H,O—™"| 0.14 
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Analysis Nr. 38. 


Metamorphosed Effusive Porphyry at road south of Loos (Ls - 765). 


Analyst: N. Sahlbom. 


a 


? oe N Mode Niggli’s | Osann’s 
Z FOp: oe - t System 
x 100 4, System y 
oe ee eee 
SiO 74.00 | 123.21) Q 37.95 | Quartz . 88.1|qz +202 |s 79.5 
TiO, 0.40] 0.63 | Or 30.76 | Orthoclase . . 26.8) si 494 1A . 71 
BOF 0.10} 0.07] Ab 17.77 | (Microcline) ti 2.06}C 1.0 
Al,O, 12.70 | 12.46] An 3.65 | Plagioclase 21.5 | al 430 |F 4.1 
Fe,0, 0.97) (O61 130 - <)) 2:835) (ADs, Anj,) fm 21.5 ja 17.5 | 
FeO 2.01| 2.80] Sgal. 92.46 | Biotite T1le 5.0 i} Send 
MnO 0.04| 0.06) Hy 4.50 | Muscovite . 4.0 | alk 30.5 |f 10.0 
MgO 0.91) 2.26) mt. {LapieOresae ac 2.2 | mg 0.85}n 3.8 
CaO 0.92) 1.64} tim 0.83 | Apatite . . 0.3 | k 0.62;k 1.64 
Na,O 2.08} 3.86) 4 0.25 ——~ bo/fimi 0.25 
2 a P 100.0 
K,0 5.18| 5.50|/ Se 6.98 
105° — . 
H,O+ 0.35) Lolo, 0.35 
| 99.79 
Quantitative System: I: 3: 2: 3 — Tehamose. 
Osann’s Type: No 9. Kiirunavaara (s 78.5, a 17.0, c 1.5, f 11.5, 
n 5.7, k 1.50) 
H,O-1"| 0.18 Or: Ab: an oy 58.95: 34.05: 7.00. 
ac 99.79 | SP: gravity “4 C: 2.685. 


Analysis Nr. 39. 


Contact-metamorphosed Quartz-Porphyry, 130 meters above the N.E corner 
of the claim of the old Risberg Iron Mine (Ls - 675). 


Analyst: N. Sahlbom. 


Mol. «oli? : 
Prop. Norm - a : anes . cies ; 
x 100 % ystem ystem 
122.91|;Q . 38.92 | Quartz 54.7} qz + 211 s 80 
0.41] Or . . 43.09] Muscovite . . 29.4 | si 437° | AD as 
0.11 | Ab ESE TAIDITE MES Re arena! 1.42/C 0.5 
12.09 | An 1.10 | Biotite ou “AZ ial 43.0 |F 4.3 
| ese 2.65 | Ores (some tita- fm 23.0 |a 18.0 
2.20 = sal . 93.11 nite) 3.5 2.5 |e 1.5 
0.06 | Hy 245 | Apatite 0.4 | alk 31.5 |f 10.5 
1.66 Mt. . 3.02 100.0 | ™8 0:26) ne eS 
0.68 | 1m 0.55 P dee 0.85|k 1.62 
1.42 Ap. 0.32 c/fm 0.11 
jun |>fem 6.34 
eH Or ere Onn - 
100.15 
Quantitative System: I: 3: 1: 2 — Magdeburgose. 
Osann’s Type: No 9. Kiirunavaara (s 78.5, a 17, c 1.5, f11.5, 
n 5.7, k 1.50). 
Or: Ab: An — 83.60: 14:26: 2.14. 
Sp. gravity ee Gi 267k. 
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i iffs isber ; ‘e: Microcline-twin. 
Risbergs granite from the cliffs at Risberget. Lett eenie: ae 
Right centre: Plagioclase-twin. Nic. +. Magnif. x 10. 


GEOL. FOREN. FORHANDL. Bd 58. Je, Ob. 


Aplitie Daas rani ; zt 3 
I Vaasen granite from Losberget. Nic. +. Magnif. 55. 


GEOL. FOREN. FORHANDL. Bd 58. Pine, RESIN 


Gray Rullbo granite at Woxna Alv. Nic. +. Magnif. x 10. 


GEOL. FOREN. FORHANDL. Bd 58. Pre anive 


Albitiec dyke rock from Révarberget Hill NE of Woxna. The albite crystals 
are ophitically arranged within an epidote-base. Nic. +. Magnit we : 


GEOL. FOREN. FORHANDL. Bd 58. letbe, DIEING, 


Fig. 1. Secondary schistosity traversing greenstone pebbles of quartzitic 
‘Upper Loos conglomerate, N of Woxna Hed. Ord. light, Magnif. X 10. 


Fig. 2. Upper Loos quartzite at Sandsjéberget. Nic. +. Magnif. X 10. 


6 0) 5 LVL. 
GEOL. FOREN, FORHANDL. Bd 58. 1Ping Dt 


Arkosic schist east of Noppikoski, Basal strata of the Upper Loos Series. 
Big black flaky crystals are biotite, small black spots chlorite. 
Ord. light. Magnif. < 10. 


| Beware : ee eee 
GEOL. FOREN. FORHANDL. Bd 58. Pu. XLVIL. 


Fig. 1. Contact between arkosic quartzite and Loos-slate at Ore Alv E of 
Noppikoski. The gray area at the bottom of the picture is slate. 
Ord. light. Magnif. 10. 


x } 
no er *. 
ni pn fo | ABEL v . 


77 gas Mg gies 9 ee 
9 EP eS 


sae 


Jy 


Ene ie Bradt Meare 
ere eh set es 
= aS fed >. pee i a” 
pe, we tel ed 


Fig. 2. Graywacke of the Loos Series from N. Hocklan. 
Ord. light. Magnif. X 10. 


GEOL. FOREN. FORHANDL. Bd 58. 12, SOL WA. 


Stressed quartzite from Ryggskog; basal part of Upper Loos Series 
Nic. + Magnif. X 35, 


- 
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The general appearance of the micro-texture of the quartz-porphyries 
is similar to the above, only that the soda-felspar is sometimes andesinic, 
the potash-felspar of the ground mass more decidedly microclinic, and 
the sericitic mica more abundant. Probably, some of the mica is dué 
to an advanced decomposition of the potassic felspar. There is a striking 


excess of alumina, as shown by the analyses, and expressed by the 


presence of 2.65 C in the norm. A recalculation of the analysis in terms 
of the geometrically-measured minerals indicate a phengitic composi- 
tion of the mica. As set out in more detail later on, the same peculiar 
excess of alumina is encountered in the quartz-porphyric members 
of the Noppi- and even the Dala-porphyries too. 

In several cases, relics of primary texture are still quite recognizable. 
The analysed sample of quartz-porphyry, for instance, still shows 
somewhat diffused, but clearly defined, fluidal movements of the ground 
mass, and the quartz-porphyry of Hjarpberget even retains some of 
the original micro-poikilitic texture of the ground mass, the plagioclase 
phenocrysts at that locality being almost a pure albite, An,_;.. Around 
the quartz phenocrysts, zones rich in quartz occur in the ground mass, 
which may be taken as the recrystallized needle-quartz-auroles of the 
younger Noppi-quartz-porphyries to be described later on. 

The chemical alteration accompanying the thermal metamorphism 
produced by the granite, to which reference has already been made, 


is exemplified by the analyses No. 38 and 39. The latter analysis was 


executed on a sample taken about 10 yards from the granite contact 
at Risberget. It clearly indicates an important accession of potassium 
from the granite (cf. Pl. XX XVII). 

Practically all the primary textural features except the quartz-filled 
vesicles are gone, the sericite having crystallized into fully developed 
muscovite, and biotite having been added. Earlier titano-magnetite 
or ilmanite is split up into magnetite and titanite, the latter occasionally 
retaining cores of ore. The plagioclase, which, probably, was an albite 
already in the primary rock, has remained so, but all the potassium of 
the orthoclase has gone to form mica. 

The former analysis (No. 38) indicates a somewhat less advanced 


‘metamorphism. A considerable part of the potassic felspar still remains 
as microcline, and the plagioclase retains most of its original lime. 


While the quartz-porphyry at Risberget has to some extent a horn- 
felsic appearance — the optic strain of the quartz having been equalized 
by the recrystallization — the quartz-porphyry of the E. sill retains 
some of its primary texture. The quartz is still fairly undulous, and 
the streaks of biotite and muscovite still indicate the primary flow 
lines within the original magma. Another difference may be noticed 
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Analysis Nr. 40, 
White Quartz-Porphyritie Hiilleflinta, western slope of Laxberget 
(Ls - 438). 
Analyst: R. Blix. 
ee ees 


Mol. Se 
Mode Niggli’s 
% Er Norm F System 
Ee ee 
Sio, . 78.55 | 180.79 | Q 53.038 | Quartz 60.4 | qz . +385 
TiO; 0.12) 0.15) Or 30.64| Sericite . . . 33.2| si . . 618 
POs 0.00 —| Ab Z.32)\ Albitelage in ema o: Ol atl ; Ora 
Al,O; 18.04] 12.79; C ... 6.01) Ores and alla- al 60.0 
Fe,0, 0.25 O16 > gal 97.00 nite ose 2) 0-6) im aS 
FeO 0.20 0.28 Hy. 1,10 100.0 Cc. - oe 
MnO 0.02} 0.03] mt. 0.18 alk 2.0 
MgO ‘ 0.44} 1.09} Hm 0.18 mg 0.65 
ea ees : —| Im 0.26 - - a 
Aen ee ae ER ore AE saben 
mone. | ioe) oes) oe 
99.78 
Quantitative System; I: 3: 1: 2 — Magdeburgose. 
H Q—105° 0 138 Ore Ab: An = 80.72: 19:20 0.00. 
ieee : Bree : 
99.88 Sp. gravity 4 C = 2.662. 
Analysis Nr. 41. 
»Halleflint»-Schist at Svartan Brook (Ls - 692). 
Analyst: N. Sahlbom. 
Mol. uae 
% Prop. Norm Mode Niggli : 

x 100 %, System 
SiO, 74,47 | 123.99; Q . . . 44.21) Quartz 46.7} qz . +216.5 
TiO, 0.386} 0.45) Or 18.93 | Sericite and si 418.5 
Ba Oe 0.26) 0.18} Ab 21.58 some biotite 28.9| ti 1.70 
Al,0, 11.96} 11.78] An... 0.55] Albite al 39.5 
Fe,0, 2.90} 1.82} . . . 4.08]  (AbgAn,) . 22.2] fm. - 82.0 

eO 0.58; 0.81) Sal . 89.30| Ores .... 1l4ie.. 3.0 
ae a ee Hy. 5.03| Apatite... O06! alk. . 25.5 
~ oO . hae RTE or 
CaO 0.48| 0,86 an ie 100.0) 8 oa 
Na,O 2.57; 4.14] Hm ¥ : 
K é 3 91 8 41 Hm 2.41 cfm 0.10 
H,0+ Lo) 5.88; =o Oa 
x fem 9.52 
H,0 1.06 
99.88 
Quantitative System: I: 3: 1: 3 — Alaskose. 
HO0- ...| 0.20 Or: Ab: An — 46.16: 52.49: 1.35. 
— | —"=" teege aO > 
100.09 Sp. gravity 4° Queen 19) 
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Analysis Nr. 42. 
»Halleflint»-tuff south of Rullbo (Ls - 676), 


Analyst: N, Sahlbom. 
Ne 


| Mol. A ° 
% | Prop. Norm Mode Niggli’s 
x 100 9 System 
ee 
SiO, . 67.94 |-113.12} Q . . . 3448) Quartz . . . 44.8] qz . +134 
TiO, 0.60} 0.75| Or. . . 30.01| Muscovite . . 21.9] si . . 300 
ine ORS OO 2a A Desere em ScOe biotite oon oe hd ull meen Ct 
Al,O, 14.55} 1427) An... 3.33] Plagioclase Pay 5 ye ale) 
Fe,0, DPSS O86. O. ies 6.12 (Ab;;An>.)i. 12:5) fmy 638.0 
FeO . SO ek eS eS eG lea ERO Re) OFesa 0). 6 S.3)|lOew 4 oO 
MnO. 0.08} O11 Hy... 11.89| Apatite... Wants, o ale 
MgO. 2.86 7.09} ME... 2.03 100.0; ™8- - 0.50 
CaO . 1.06} 1.89) Tim .. 1.17 Ss a ra OGK 
Na,O 108) 174) An... 0.69 c/fm . 0.18 
Ko . 5.05 5.36 Sint Pe 
+105? — = 
H,O 0.99| 5.49 HO . 0.99 
99.65 
/ Quantitative System: II: 3: 2: 2 — (No name). 
H,O—18" | 0.23| Or: Ab: won 70.98: 21.15: 7.87. 
as 99.88 Sp. gravity ~4o C = 2.767. 


Analysis Nr. 43. 
»Halleflint»-tuff, Nappobicken Brook, Tandsjé (Ls - 248). 
Analyst: R. Blix. 


| Mol. ae 5 
= Mode Niggli’s 
% cavta Norm 7 on 
Be... + .\| 63.49) 10x71) Q . . -.1308| Quartz ... . 44.9 qz. + 42 
ETO end ont Vata 0551 Or. —. 6068 | Mica. - 22:3) sie cts 
PO... . -| . 0.08] 0.06) Ab. . ...1.58| Microcline . ,. 21,8) ti. .° 1.41 
MiG ge: 6 ) 1001 )-J472) An. . . (7.48|-Albite.. .. . 1.6) al. 29845 
Bere eek «, <: Oso Ono 2 ae 0-829 Epidote .2. 5 | 6-0.) tmucmem oa 
FeO... .| 2.76] 3.80] 55a). . 83.59| Titanite... O7/c. . 7.0 
MnO... .{ 0.08} 0.11) Hy, . . 12.30] Apatite... 0.2'| alk. . 26:5 
re sasree st 'e te ay Mi ene oo 100.0 oa . ae 
OR on ees i , Tim. 087 ee 97 
Nar Ome. | Odo, 0:31 ee ig 0.38 c/im,. 0,22 
1G Ocenia 7 10:28} 10.91 Sena, < 1478 
H,O* etre 1.47 8.16 non 1.47 
99.80 
| Quantitative System: II: 4: 2: 1 — rang Dacase. 
0.17 Or: Ab: An — 87.01: 2.26: 10.73. 
44 100.03 Sp. gravity we C = 2675. 


in the reversed ratios between Fe,0, and FeO, the latter porphyry 
in this respect approaching more closely the less metamorphosed por- 
phyries, N.W. of Loos. Obviously, the metamorphic action of the gra- 
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nite has been considerably stronger at Risberg, which may be explained 
by the great mass of granite immediately adjoining the porphyry at 
that locality, as compared with the dyke-like extension of the granite 
which is supposed to have metamorphosed the sill. 

Finally, four analyses of porphyry-tutts are given, No. 40—43, of | 
which the last one from Tandsjé is extremely potassic. The great 
number of pegmatite-dykes interfoliating the »halleflinta» S.E. of 
Tandsjé, to which reference has already been made (cf. p. 142) 18 cer- 
tainly responsible for the unusual accession of potash to these tuffitic 
schists. 


The Risberg Granite. 


This brick-red granite derives its name from the Risberg Hill, on the 
E. shore of the Voxna river, where the granite occurs in its best pre- 
served form. It is extensively exposed, partly in the steep cliffs facing 
S., partly in the naked rock-slopes towards the river. At a first glance 
it appears megascopically very little metamorphosed, and is not unlike 
the acid Rapakivi granite of the Sandsj6 type. 

A closer investigation, however, soon makes its older age apparent. 
Large, 1—2 cm long, tabular Karlsbader-twins of microcline give it a 
somewhat porphyric habit, the other constituents being an opalizing 
blue quartz, some albitie plagioclase An,, biotite and, accessorily, 
magnetite, titanite and apatite. The textural features of the rock show 
a fairly advanced metamorphism. The bright green biotite is generally 
extensively chloritized and the central parts of the albite is sericitized, 
indicating an earlier crystallization rich in potash. The quartz is also 
optically very unhomogeneous too, the cataclastic features testifying 
to the participation of the granite in the folding of the Loos-syncline 

An analysis of the rock is found appended as No. 44 (cf. Pl. XLI). 

The granite clearly intercepts the effusive Loos quartz-porphyry 
occupying the top of the hill, and strongly metamorphoses it to a 
considerable depth, as may be studied step by step across the bare rocky 
slope. It also intrudes, brecciates and alters sub-Loosian schists pre- 
viously cut by the porphyry. These schists were earlier considered by 
the author to be of leptitic age, on account of their narrow iron-ore 
bearing layers. These latter were mined in the 18th century, as iron- 
ore for the Voxna Blast Furnace. The sediments being intensely folded, 
underlying leptites may have taken part in the folding and now occupy 
the position of inlayers, but the iron-ore bearing strata may also be 
contemporaneous with the ore concentrations of the sparagmitic 
quartzites and lower sub-Loosian schists of Kuttermiki, to which refe- 
rence has already been made. Being surrounded by porphyry and gra- 
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Analysis Nr. 44. 
Granite, Cliffs at Risberget Hill (Ls - 419). 
Analyst: N. Sahlbom. 
Mol. 
% Prop. W dim Mode Niggli's Osann’s 
«100 % System System 
SiO 75.51 | 125.72|Q. . . 41.62) Quartz . 89.0) qz +241 s 82 
nO, 0.18) 0.16|)Or . . 32.77) Microcline . . 82.1] si 473 AWO;S 
P50, 0.14) 0.10|Ab . . 15.72} Plagioclase ti 0.60;C 0.9 
Al,0, 11.09} 10.88) An 3.04| (Ab,,An,) . 17.4| al 4lo |F 3.6 
Fe,0, 2.87 1.80|/C. . . 0.92] Chlorite (some fm DR E aWiCs 
FeO 0.86| 1.20/Ssal .94.07| Biotite) 8.1) ¢ HON ee) eae 
MnO 0.01) 0.01/Hy . . 0.g1|Magnetite .. 28/alk 33.0 |f 10.0 
MgO 0.33| 082) mt 9.33| Titanite. . . 0.3|/mg 0.15/n 3.2 
CaO 0.76) 1.36) Hm 1.98 | Apatite 0.3 | k O67) Keo 
Na,O 1.85| 2.98] Tim 0.25 100.0 c/fm 0.25 
K,0 5.50 5.85 | Ap 0.30 : 
ies 1055) 0.70 3.38 Sieaias aT! 
H,O. . 0.70| 
Quantitative System I: 3: 1: 2 Magdeburgose. 
Osann’s Type: No. 6. Uthammar (s 80, a 17, ¢ 2, £11, 05.4, k 1.65). 
& | Or: Ab: An — 63.59: 30.51: 5.90. 
ee ees 20° 
| | 99.90 | Sp. gravity “je C: 2.604. 


nite, their metamorphic story is such a complicated one that, prac- 
tically, nothing remains of any primary features except the ores which, 
by the way, are largely altered into garnet-diopside-biotite-skarns. 
Their mapping as sub-Loosian may, consequently, be regarded as 
provisional. 

The Risberg granite may be traced southwards from Risberget as a _ 
red aplitic phase along the Voxna river, the same aplite also cropping 
out at lower topographic levels at the bottom of the valleys within the 
“gneiss-granite area W. of the Voxna river. (These exposures are too 
small to be shown on the map.) It gradually changes northwards 
without any noticeable magmatic joint, into a more basic and, finally, 
almost white biotite-spotted rock of slight gneissose habit. 

SvepMARK and BLoMBERG already noticed this gray rock, and mapped 
it as a separate type. Its connection with the true Risberg type is still 
somewhat obscure. In common with the red granite, it intersects the 
sub-Loosian schists, for instance N. of Voxnahed, at the same time 
becoming contaminated and developing garnets along the contact. 
At Stormyrasen Hill, N. of Voxnahed, it still keeps its red colour and 
general habit within the central portion of the massive, surrounding 
itself by a marginal gray zone. The change in colour is due to an 1n- 
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Analysis Nr. 45. 
Mica-Granite at Woxna Aly (Ls- s - 168). 
Analyst: N. Sahlbom. 


pone N Mode Niggli’s Osann’s 
és ror. yah 9 System System 
x 100 % y Me 
Sio, 72.39 | 120.53|Q... . 34.00 | Muscovite 20.2) qz +168 s 78.8 
TiO, 0.15] 0.19/Or .. .81.21/Biotite 5.2f"?4/ei 404 [A 82 
P.O; 0.54| 0.388)Ab . . 23.59| Plagioclase ti OL67 |\Cassiks 
Al,O, 14.91} 14.68}An.. . 1.94} (Ab,,An,) . 25.6] al 49 |F 19 
Fe,0, 0.40) .0.25)C. 2. 3.87} Quartz) >... .2238.8))'fm 10 a 21.5 
FeO 1.04; 1.45/53) . 94,61| Microcline . . 9.0}c 7 yas 
MnO 0.01; 0.01\ Hy . . 2.94| Apatite and some alk 34 f “5.0 
MgO 0.38} 0.94; Mt. . 0.g62| Tourmaline 1.2}mg 0.31)n 4.4 
CaO USAT PANU ii a oo BS ~~ 400.0 k 0.55|k 1:46 
Na,N 2.80} 4.52 Ap .. 1.27 ~=he/fm © * 0:69 
2 oer leieney 2 iemom 248 
H,0+ 0.72} 4.00 HO. . 0.72 
99.81 
99.76 Quantitative System: I: 4: 1: 3 — Liparose. 
Osann’s Type: No. 11. Big Timber Creek (s 80.5,-a 20.0, ¢ 3.5. f 6.5, 
n1.9, k 1.68). 
H,0- 0.24 | Or: Ab: ar 55.01: 41.57: 3.42. 
100.00 | SP: gravity “4° C: 2.680. | 


creasing amount of plagioclase and white mica, the plagioclase grading 
into an Ano composition. N.E. of Storlugnet Power Station, about 
a mile N. of Voxnahed, however, the granite locally grows remarkably 
rich in both biotite and muscovite (2V 550 = 32°) while the anorthite 
content of the plagioclase remains at 7 %. This miceous rock is quite 
homogeneous and has undoubtedly been rather rich in volatiles, as is 
_ evidenced by the comparatively high percentage of apatite as well 
as by the presence of tourmaline. Analysis No. 45 gives the composition 
of this very striking variety of the Risberg granite (cf. Pl. XLII). 

At the Power Station, the granite assumes a gneissose structure, 
but, microscopically, is less dynamically metamorphosed than the 
typical rock of Risberget itself. The plagioclase within certain dioritic 
parts of the granite runs as basic as Ans;, at the same time becoming 
increasingly zonal. This zoning is mostly alternating with a basic 
kernel, an acid shell and, finally, with a basic margin. The green biotite 
of the typical Risberg granite remains, however. Megascopically, 
this rock looks more like a fairly homogeneous and well-preserved 
Mansj6-granite than a younger rock. 

When intruding the sub-Loosian schists, N. of Voxnahed, its meta- 
morphic influence differs, however, from that of the Mansj6 granite 
when migmatitizing the leptite schists. It does not brecciate, assimilate 
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and migmatitize, as does the Mansj6-granite, but occurs as lit-par-lit 
injections along the bedding plains of the sediments, surrounding itself 
with an intense aurole of newly formed, colourless mica. There is a 
striking enrichment of potash in the surrounding rocks, as well as 
within the granite itself. This also holds good when it intercepts the 
old gneiss granites and migmatites. 

Along the Voxna river, it is found intruding the sub-Loosian schists 
as well as the basic tuffites, but it is not observed cutting the upper 
Loosian sediments. At Rullbo it becomes »homogeneous gneissosey, 
the schistosity running about parallel to the contact of the Ratan era- 
nite. 

_ At the same time, the colour of the rock becomes a pure white, As 
shown by analysis No. 46, the basidity of the plagioclase increases to 
An,;, developing, simultaneously, a most bewildering alteration of the 
zoning, the following crystal having been taken as a common example: 


Kernel -Any, -Angy -Any, -Ang) -An4g) -AN3, — Shell. 


The zones are almost homogeneous and very sharply defined, and each 
may be determined on the universal stage with a high degree of accuracy 
(cf. Pl. XL, Fig. 2). The slight schistosity of the rock marked by the 
.arrangement of the biotite may, partly at least, be protoclastic even if 
cataclastic features are never absent. This may be deduced from the 
quartz, which is partly homogeneous and partly very undulous, a feature 
hardly in correspondence with a purely cataclastic metamorphism. The 
partial crystallization of the quartz may also be due to thermal influence 
of the adjoining Ratan granite, the marginal phase of the latter at Salt- 
sj6backen being almost undistinguishable from the white Risberg 
granite. The refusion and contamination which has occurred along the 
contact, giving rise to hybrid rocks, will be further discussed in the 
following chapter on the Ratan granite (cf. p. 262). N.E. of Hamra 
Church, a granodioritic somewhat gneissose, fairly wide dyke cuts across 
the strike of the old migmatitic gneiss granite. Its genetic connection 
with the white granite is shown by analysis No. 47. It is unusually rich 
in microcline and biotite which latter seems to be mostly an autometa- 
morphic alteration-product of a green hornblende, some pistazite 
((y — a)s50 = 0.049; 2V 559 = 68°) too having been formed during the 
alteration. 

Of quite a different character to the Rullbo granite — which may be 
looked upon as the basic differential pole of the Risberg granite — is 
the Daasen granite, E. of Loos. On BLomBere’s map (ef. 1) this granite 
was marked as Ratan granite while, at the beginning of this survey, 
the present writer was inclined to refer it to the Mansjé granite. Further 
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White Gneissose Granite at Woxna river. 


IWARRY VON ECKERMANN. 


Analysis Nr. 46. 


[Mars—April 1936. 


North West of Rullbo 


— 105° 
H,0 


Quantitative System: I: 4: 3: 4 — Yellowstonose. 
Osann’s Type: No. 26. Bold Mt (s 76.5, 214.0, ¢ 9.0, f. 7.0, n 6.9, 
k 1.57). 


Or: Ab: An — 18.75: 56.39: 24.86. 
Sp. gravity . C: 2.646. 


Analysis Nr. 47. 
Granodiorite at main road East of Hemsjé Lake and Hamra Church 


(Ls - 183). 
Analyst: N. Sahlbom. 
Mol. * +3 ’ 
Mode Niggli’s Osann’s 
Ma the Bios 4, System System 
SiO, 70.68} 117.68;}Q . . . 28.41} Plagioclase qz +131 s 77 
TiO, 0.20) 0.25/Or . .12.88| (Ab,,An,,) ..66.0/si 337 |A 61 
Oe OFT Zam Ostt2 tA Dewees (22 20 OQ uartz, ANGE at 0.71/C 42 
Al,0, 16.04; 15.78; An . . 16.41] Microcline . . 10.7] al 45.0 |F 2.3 
Fe,0, OFS Orb 1 Chem 0.51 | Biotite (with fm 10.5 |a 145 
FeO 0.87) 1.21) Sal .94.93| some musco- e 1820 ene lOsG 
MnO 0.02} 0.03 | Hy 9.55 | vite) 49)alk 26.5 |f 5:5 
MgO 0.58) 1.44 | yt 1.17| Magnetite . . 1.2) mg 0.38) Nee 
CaO 3.50} 6.24] Tim 0.42| Titanite. .. O6\k 0.24/k 1.58 
Na,O 4.39| 7.08] Ap 0.34 | Apatite 0.4/c/fm 1.68 
K,0 211| 2.24/5 
5° x fem 448 100.0 
HN +") 0.39) 21615 9" | O39 
99.80 


a  —— 


(Ls - 153). 
Analyst: N. Sahlbom. 
Mol. es 
o Baie Me M ae e Niggli’s Osann’s 
x 100 2% System System 
i 
SiO, 63.72} 106.09/Q. . . 18.92] Plagioclase qz +59 87 ib 
TiO, 0.55| 0.69] Or . 17.20)  (Ab,,Ang,) . 40.9 | si 229 Se ou 
Jeo 0.34 0.24 Ab . 25.70 |-Quartz 3 Lat TSG oan 
Al,0O, 15.79} 15.49] An . 20.87 | Microcline . . 13.8 | al 53.5 | ee es 
Fe,0, 14 0.71} Sal _. 82.69 | Hornblende and fm 31-07 Wane Bose 
FeO v.91) 5.44) Hy | 1995]  Pistazite. . 10.6/¢ 18,0 c+ 8.5 
eo 0.06} 0.08 | wrt 1.65 | Biotite B9lalk ' 17.6 -1f 5% 
g0 3.02} 7.49 | tim 1.06| Magnetite . 1.6|m 0.52{n 6.8 
CaO 4.59| 8 73 | ‘Titan’ : 
ao ant Ap. 0.73 ee: 14 | k 0.39}k 1.37 
Ka) nie Ape ¥ fem . 16.39 | APatite 0.7 | c/fm 0.57 
H,0+1%) Q79| 3/99] H20 0.72 100.0 
99.80 
Quantitative System: II: 4: 3: 3: — Harzose. 
Osann’s Type: No. 25. Vaské (s 71, a 9.0, ¢ 7.5, £13.5, n 6.5, k 1.87). 
AOS 0.25 Or: Ab: An — 26.97: 40.30: OoLwes 
— ' 
an Sp. gravity ae C. 2.762. 
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Analysis Nr. 48. 
Daasen Granite from Diasenberget Hill. East of Loos Church (Ls - 369). 
Analyst: R. Blix. 


reer 


Mol. | en ee 
0 Prop Sivan Mode Niggli’s Osann’s 
x 100 of System System 
SiO, 70.79 | 117.87|Q . . . 25.17| Plagioclase z +123 |s 78 
TiO, 0.88| 0.41/Or . .33.98| (Ab,An,,) . 30.8] sit 80h ees 
2,0; 0.05) 0.04) Ab . 25.17| Microcline . . 30.7} ti 1215 Cae ey 
Al,0, 13.82} 13.56/An . . 7.20] Quartz 27.8 | al 41.0 |F 3.9 
Fe,0, 0.28} 0.18)C . . . 0.10} Biotite and some fm 18.0 |a 17.0 
FeO 3.22| 4.48/Sgal .91.62| muscovite . 9.7 \¢ 8.0 |e 4.0 
MnO 0.06) 0.09\Hy . - 6.50| Titanite ... OAlalk 33:0 |f 9.0 
MgO 0.40} 0.99) mt . 0.42 | Ores 0.4 | mg O17)n 4.4 
| CaO ) a8 72.55") Tim 0.62 | Apatite 0.2|k 0.56)k 1.53 
Na,O 2.97 4.79 Viton . 75s 100.0 e/fm 0.44 
K,0 5.78| 6.14/46 seri 
megri) O56) 3.11) 02 — = 28 
99.72 | 
Quantitative System: I: 4: 2: 3 — Toscanose. 
Osann’s Type: N:o 12. Alby (s 79, 217.5, c3.5, £9, n 4.4, k 1.62). 
H.0-11| 0.37) Or: Ab: An — 51.21: 38.24: 10.55. 
2 - } - iy, 
100.06 | 5P- gtavity “go C: 2.650. 


studies have convinced him of its being more closely related to the Ris- 
"berg type than to any other granite present within the field. 

It is a somewhat gneissose, fairly coarse, pink, potassic granite, not 
unlike the Risberg marginal phase at Storlugnet, but more porphyric. 
The phenocrysts are large, irregularly tabular, microcline and oligo- 
clase-crystals (An,,) within a coarse base of microcline, plagioclase 
and colourless quartz. Biotite marks the schistosity, titanite ores and 
apatite being accessories. The analysis is given as No, 48. 

The texture is a cross-breed between the Mansj6 and the Risberg 
granite, the microcline being sometimes fairly dotted by myrmikite. 
The oligoclase crystals, too, are sometimes pronounced poikilitically 
‘intergrown by quartz. Within the E. marginal parts of the massive, 
where the distance to the Ratan granite is small, the oligoclase is filled 
by oriented lathes of unaxial muscovite, constituting a separation of 
the original potash molecules of the felspar (cf. Pl. XL, Fig. 1). In the 
ground mass, too, muscovite occurs together with the biotite, the opti- 
cal characteristics, however, being somewhat different (2V550 = 3D"): 
The granophyric texture also seems to increase towards the younger 
granite. 

This suggests a rather strong thermal metamorphism at the time of 
‘the intrusion of the Ratan granite. The gneissose structure, on the other 
hand, seems to have arisen at different periods. Firstly, a N.S. schisto- 
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sity is observable, especially along the E. boundary towards Lake 
Daasen, but also on the W. and 8. sides of the Daasen Hill. This schis- 
tosity may be due both to a primary protoclastic structure parallel to 
the intrusion contact towards the sub-Loosian schists as well as to a 
secondary cataclastic structure imposed at the time of the synclinal 
folding of the Loos-basin. . 

Secondly, a gneissose banding, at right angles to the first one, is 
evident within the northern part of the massive. This structure is cer- 
tainly totally dynamic and has been developed by the cross-folding of 
the syncline at the emplacement of the Ratan granite. The compara- 
tively old habit of the Daasen granite, may, consequently, be explained 
by exposure to shearing stresses during three consecutive epochs. 

Outside the zone of convergent dynamic metamorphism, the granite 
is better preserved. Its southern extension at Losberget and Karlsberg 
registers only one gneissose structure, parallel to the folding axis of the 
syncline. Within these marginal parts of the granite, the characteristic 
concentration of mica and, especially, muscovite — emphazised when 
describing the Voxnahed granite — is also repeated. At Losberget, 
analysis No. 50, the mica of the red granite is still mostly biotite, but 
the plagioclase has dropped to Ang_4,, attaining the same albitic com- 
position as that of the typical Risberg granite. Within the aplitic 
marginal rock at Karlsberg, however, the muscovite rules supreme, as 
indicated by the mode of analysis No. 49 (cf. Pl. XLII). As pre- 
viously intimated, these true aplites are sometimes very difficult to 
distinguish from the aplitic gneisses of sedimentary origin, especially 
as the aplitic granites, certainly to a large extent, are contaminated 
by absorbed quartzitic sediments. Even analysis is of small use 
when attempting to establish their magmatic or sedimentary origin, 
as illustrated by analysis No. 51 compared with analysis No. 49. 
The former sample is taken from a banded rock cut by the magmatic 
aplites and unmistakably a strongly metamorphic sediment of intimate 
field-connection with the sparagmitic quartzites. Attention has already 
been drawn to the intense accession of potash recognizable within the 
younger and older sub-Loosian sediments, this feature being a true 
characteristic of the contact metamorphism originated by the Daasen 
granite, 

The connection between this latter granite and the Risberg granite, 
W. of the Loos-syncline, is happily not limited to the correspondence 
in pneumatolitic potash-metamorphism alone. Their stratigraphic 
emplacement, agrees, too, as far as the sub-Loosian schist is concerned. 
The aplitic dykes of the Daasen granite may be observed cutting 
through the whole pack of sub-Loosian schists, 8. of the Losberg Cot- 
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Analysis Nr. 49. 
Light-reddish Aplitic Granite, Norra Karlsberg 
Analyst: R. Blix. 


(Ls - 982). 


) ' 
4 Poh en ere Mode Niggli’s Osann’s 
x 100 % System System 
| | | ae 
SiO, 74.32 | 123.74 | Qe . 32.20 | Microcline . . 39.8/qz +4183 |s 80.7 | 
Tio, tr. —/Or . 39.47 | Plagioclase si 445 |A 86 | 
P.O; 0.06} 0.04]Ab . .22.06| (Ab, An,,) . 25.1| ti 0.00/C 0.7 
Al,O, 14.57| 14.29/ An . 2.75 | Quartz 29.9 | al 51.5 |} F 0.7 
Fe,0, 0.48} 0.30;C. 2.04 | Muscovite 5.2 | fm 4.5 ja 26.0 | 
FeO 0.35| 0.49|Sgal . 98.59 maT a tC 3.5 |e 2.0 
MnO a Clee 100A dk 5 A082 ON 
MgO 0.04; 0.10} yi 0.69 | mg 0.08|)n 3.7 
Ja0 0.58; 0.95 | Sen 106 | k 0.63)k 1.50 
Na,O0 2.638 4.24 | i 0 0.33 c/fm 0.83) 
K,0 re Sa SN eg at me | 
HOt | 0.33] 1.83 99.90 | 
Quantitative System: I: 4: 1: 2 — Omeose. 
| Osann’s Type: "No corresponding type. 
07205" 0.11 | Or: Ab: poe 61.40: 34.32: 4.28. 
100.07 | Sp. gravity 4 C: 2.612. 
e Analysis Nr. 50. 
Red Gneiss-Granite, Losberget Hill (Ls -v- 168). 
Analyst: R. Blix. 
Mol Ake 
: Mode Niggli’s Osann’s 
id a a % System System 
3i0, 77.79 | 129.52}Q. . . 40.386} Quartz 39.5) qz +262 s 83.3 
TiO, 0.05! 0.06|Or . . 26.14} Plagioclase si 22° | Ae aL 
£,0, 0.00 —|Ab . . 27.26| (Abs, Ang) 30.2 | ti 0.24;C 0.6 
0, Peete 8S.) Ane. 2.77 | Orthoclase . . 25.3] al 48.0 |F 1.8 
be,0, 0.45} 0.28/C. . . 1.02} Mica, mostly fm 8.0 |a 23.5 
‘eO 0.78] 1.09| Ssal . 97.55| _ biotite 4.9} ¢ 40 |}c 2.0 
[nO 0.01} 0.01/ Hy . 1.11| Titanite. . 0.1 | alk ae if 4.5 
f¢O 0.09} 0.22} mt 0.68 100.0 | ™& ine 8 Dr8. 
a0 Gees 0-85 ra. 6-010 0.01%. O48;k 1.85 
ta,0 SRG Fe reogresr acy c/fm 0.68 
.,0 4.41) 468/576 ° O41 
7,07" | 0.41} 2.28) °2° ——__—— 
99.87 
£2. $$ 
Quantitative System: I: 3: 1: 3 — Varingose. 
Osann’s Type: No. 4. Milford (s ee a 24.0. ¢ 2.0, f £.0n 5.4, 
1.74), 
= 8.54: 4.5 
707108 | 0.12 Or: Ab: An oa oo ke 
~ ° 6 
99 99 Sp. gravity “4 
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Analysis Nr. 51.° 
Aplitic Gneiss, Losberget Hill (Ls- 175). 
Analyst: N. Sahlbom. 


ah Mode Niggli’s Osann’s 
fa pana rou 4 System System 
x 
SiO 77.23|128.59|Q . . 40.84] Quartz ... 37.8 qz +245 |s 82 
TiO, 0.15| 0.19/Or. . 25.63) Albite. .. . 260|si 487 |A 74 
LEO 0.07] 0.05|)Ab. . 25.66] Microcline . . 20.5) ti 0.76) C 0.5 
Al,0s 12.16] 11.93|An . 0.55) Biotite ... 9.2/al 45.0 |F 3.0 
Fe,0, 0.67! 0.42/C .. 2.24) Muscovite .. 5.0) fm 17.5 |a 20,0 
FeO 1.48] 2.06)/Sgal . 94.99| Magnetite .. 10/c¢ 2.0 |e 1.5 
MnO 0.07; 0.10|/Hy . 3.70| Bitanite. .. 0.3) alk 35.5 |f 8.5 
MgO 0.63| 156/Mb . 0.95] Apatite... 0.2/mg 0.35} n 5.2 
CaO 0.30] 0.53/TIm . 0.29 ~~ 400.0 | £ 0.48) k = 1.7e 
Na,O ae ree Ap . 0.24 | e/fm 0.11 
K,0 86 63 | ==; 
5° | . | 4 fem 5.18 
ERO? 0.30} 1.66 H,0 . 0.30 
100.30 a 
Quantitative System: I: 3: 1: 8 — Alaskose. 
Osann’s Type: No. 5. Elk Peak. (s 81, a 20°5, c 2.0, f 7% 
m 520), ke 69). 
3 Or: Ab: An — 49,44: 49.50: 1.06. 
— 105° 
ae ot S) ravity 20" C: 2.662 
100.48 | “P & deg et 


tage. Another dyke, intruding the quartzites W. of Karlsberg (ef 
Section II—II), even shows an unmistakable affinity with the norma 
Risberg granite, both as regards general habit and textural composition 
It displays at the same time undoubted quartz-porphyric features 
even if these, to some extent, have been obliterated by the stron 
stresses acompanying the adjoining faulting. The typical blue opalizin, 
quartz, common both to the Loos porphyries and the Risberg granit 
also occurs in this dyke, which may, originally, represent a feedin 
dyke of the quartz-porphyry flows or a sill of hypabyssic magm: 
intermediary between the porphyry and the granite. Other typica 
sills of red Risberg granite are found N. of Kuttermiki. 

There is one objection, however, to our definitely acknowledging th 
Daasen granite as contemporaneous with the Risberg granite, and tha 
is the difficulty in explaining the contact between the former granit 
and the greenstone on the H. slope of Tallsj6berget. This contact i 
exposed some 5—10 m. below the crest of the hill, but even detaile 
microscopic studies have failed to decide which is the younger rock 
In the field, the granite seems to intersect the greenstone and the green 
stone appears to intersect the granite. Undoubtedly a very stron 
activation of the wall rock has taken place at the time of the intrusior 
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Analysis Nr. 52. 
Pegmatitic Dyke (granitic), Roévarberg Hill (Wx - 253). 


Analyst: H. y. Eckermann. 


|| ————— eee 


Mol. 


o% Prop. Waren Mode Niggli’s Osann’s 
x 100 of System System 
vO 
SiO, 65.94 | 109.79; Q. . . 18.69] Albite. . . . 30.6 qz +74 js 73.5 
Oe 0.29| 0.36|Or . . 25.07] Microcline . . 25.3) si 2718 |A 6.9 
B50. 0.10; 0.07;Ab . . 30.89] Quartz ... 19.9 | ti TO) ee 
Al,O, 16.90} 16.58) An . .17.52| Epidote . . . 19.3/al 42.0 |F 4.5 
Fe,0, 0.50} 0.81) ¥gal . 91.67 | Topaze 4.2 |} fm 10) as 1355 
FeO 2.01} 2.80} pj 3.84) Titanite- . . 0.6 |.o 21.0 |e 8.0 
MnO 0.00 =|Hy . . 1:85 Apatite c~ © 02) alk 26.0 |f 8.5 
MgO 0.32} O79|Mi . . O71 ~~ 400.0 mg OH sry = yee 
CaO eee) S86. OKs Ol 0.44/k 1.35 
Na,O 3.58| 5.78 Ap .. 0.27 e/fm 1595 
K,O 4.26) 4.52 Fr... 0.37 
ep) +105) 0.94 Roo i.e eT 
Or,,0, G00) Pe te 
S tr. | | 2 a SE 
F 0.15| 0.79 99.73 
eee er ee eee 
99.67 / Quantitative System: I: 4: 3: 3 — Amiatose. 
Osann’s Type: No. 24. Doberschiitz (s 73, a 11, ¢ 7.5, f 11.5, 
ni i6,3, kis) 
0-105" 0.29 Or: Ab: An a 34.35: 41.64: 24.01. 
im. | 99.89 Sp. gravity “Ze C: 2.710. 


ut exposures at right angles to the contact are too small to allow a 
uudy of the gradual changes within both the rocks. The majority of 
1e evidence is in favour of the granite being the younger, but it 
certainly strange that no dykes of granite are found elsewhere within 
1e greenstones. The contact between the effusive greenstones, S. of 
borrtjirn and N.W. of Karlsberg, is also somewhat dubious, notwith- 
anding the epidotization of the calcite filling of the greenstone vesicles, 
idicating an exogeneous thermal metamorphism. 

The possibility of the Daasen granite being somewhat older than 
re true Risberg granite must, consequently, not be disregarded but 
orne in mind. The consequence of the possibility would be a chrono- 
gical position of the Daasen granite somewhere between the Mansj6 
id the Risberg types, the granite being rather an aftermath of the 
mer than a forerunner of the latter. The granitization of the sparag- 
itic quartzite, underbedding the sub-Loosian schists, would then, 
aybe, be referrable to this Daasen granite. 

Finally, a peculiar dyke rock, cutting across the general strike of 
e migmatite area at Révareberget Hill N.E. of Voxna, may be men- 
oned in this connection. No evidence is available of its relation to 
e Risberg granite, but its dynamically unaffected texture refers it 
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in any case to a younger age than that of the Mansjé6 granite. There is 
really nothing to prevent its being of Ratan age, or even a remote diffe: 
rentiate of the Loos-greenstone-magma. The analysis of the rock 
is given as No. 52. The dyke is greenish-white, and of aplitic rather 
than pegmatitic character. The microscopic picture Is a striking one 
(cf. Pl. XLIV), extremely nice tabular albite twins lying in a base 0: 
epidote, cryptomicrocline and quartz. The dyke bears every sign 0: 
having been rich in volatiles, an unusual percentage of topaze accom: 
panying the accessories titanite and apatite. i 
Disregarding this last vagabonding dyke, which actually fits ir 
nowhere, the writer tried to plot the analysis of this group of granite: 
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Fig. 11. Niaeur diagram of the Risberg granite group. 


into a Nia@ur variation diagram, but the result has not been very encou 
raging (cf. Fig. 11). Any combination of the plotted points into — 
consecutive, reasonable curve representing a differentiation sequenc¢ 
seems to be out of question. 

The typical Risberg granite stands out alone with an unusually hig 
»fem»)- and depressed »aly- and »alk)-values. The granites at Rullbc 
Daasen and Losberget may be combined to plot a curve representin 
a fairly good average, but even that curve is hardly a true record ¢ 
the real differentiation sequence. All told, the suspicion entertaine 
as to the relationship of the Risberg and Daasen granites is considerabl 
strengthened by this chemical computation, and the author must adm 
that he has no reasonable explanation to offer. The extent to whic 
these rocks have been contaminated by leptitic and sub-Loosian sed 
ments must probably be made the subject of special study before 
definite position can be assigned to each of them in the chronologic 
succession. At present, the term Risberg granite may be taken as di 
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noting a group of granites limited in age upwards by the upper Loos 
sedimental epoch, and downwards by the diastrophism period of mig- 
matitization. 


The Upper Loos Sedimental Series. 


A resedimentation of the pyroclastic rocks deposited during the 
eruptions of the greenstone and porphyries, must have occurred even 
while the volcanic activity still lasted. The banded acid and basic 
tuffs seem to be reassorted, even if an alternatingly basic and acid 
eruption is not quite excluded. Such banded tuffs being covered by 
later lava flows, clearly shows this reassortment to have taken place 
‘before the end of the volcanism. 

The post-volcanic erosion seems to have developed gradually, as 
typically tuffitic sediments are found grading into real slates. Even 
the colour of the slates is intimately connected with the eroded rock- 
ground. The slates south of Ryggskog, for instance, bordering on the 
greenstones, are greenish, while the slates west and north of Ryggskog 
are of a pure gray colour. It is suggested that the present emplacement 
of the slates, notwithstanding their strong folding, is not very far re- 
moved from their original sedimentation-basins. No basal conglomerates 
sof any extent have been found even if some arkoses are conspicuously 
pebbly in a small way. The unconformity between the Loos-eruptives 
and their sediments is best shown by the sandstone-quartzite cap at 
Ryggskog overlying the quartz-porphyries. The locality is easily 
found, a watch-tower to prevent forest fires having been built on the 
outcrop. 

The base of this sandstone is decidedly pebbly and contains opalizing 
blue-quartz grains which are easily traceable to the amygdales of the 
effusive quartz-prophyry. Its joint towards the porphyry is not exposed 
but very nearly so, and the striking topography hardly allows of any 
other interpretation than an overbedding. The strike and dip of the 
quartzite is quite different to that of the porphyry, which latter takes 
part in the left limb of the big Loos-syncline, while the tectonic distur- 
bance of the quartzite seems to be connected with the later faulting 
‘of the Loosian sediments. Microscopically, the quartzite shows sign 
of strong dynamic stress, even if the primary clastic features are very 
well preserved. Close to the base the dynamic crushing of the rock is 
stronger, indicating a certain amount of horizontal thrust movement 
along the base (cf. Pl. XLVITI). 

Actually, not a single perfectly undisturbed contact between the 
lower Loos-eruptives and the upper Loos-sediments is exposed any- 
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Fig. 2. Banded slates of the Upper Loos Series SW of Romberg, north of Loos. 
Ord. light. Magnif. X 10. 
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Fig. 1. Basic tuffitie schists at W. Hocklan. Porphyroblastic dark green 
chloritoid. Ord. light. Magnif. < 10. 


ieee 2: Enlarged magnification of chloritoid porphyroblast of Fig. 1, 
showing poeciloblastic structure. Ord. light. Magnif. « 55. 
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1. Quartzitic sandstone of the Noppi series from Tallsjébicken. 
Ord. light. Magnif. x 55. 


Fig. 2. Graywacke of the Noppi series from Lekattkélen. 
Ord. light. Magnif. 55. 
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Fig. 1. The Sub-Jotnian conglomerate at Tallsjébiicken. 
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where within the Loos-region proper. The unconformity may, never- 
theless, be clearly demonstrated in a circumstantial way. Resting on 
the Ryggskog quartzite are the slates, occupying the big swampy area 
to the 8S.W. and N.W. These slates are exposed at the big quarries close 
to the watch-tower, where their tectonic position may be determined, 
To the S.E. of the Ryggskog hillock, the drill-holes of the Boliden Co, 
have passed through slates, pebbly grits and quartzites, lying in a po- 
sition undoubtedly indicating a stratigraphic level above the porphyries 
and greenstones. This is further emphasized by fragments of effusive 
greenstones repeatedly found within the bottom portions of the drill 
holes (cf. Fig. 12). As previously shown, there is no indication of a 
hiatus between the greenstone and the porphyry, both belonging to 
one and the same eruptive epoch. Consequently, the inference may 
be drawn that the quartz porphyry and the superimposed slates must 
be separated by a considerable unconformity. 

_ Greenstone pebbles, embedded in quartzose sediments between Voxna 
Hed and Ryggskog, constitute further evidence, the pebbles having 
participated in the succeeding strong folding of the area (cf. Pl. XLV, - 
Fig. 1), as shown by the secondary planes of schistosity running right 
through the pebbles. 

Outside the Loos-area proper, this unconformity is represented at 
fhe base of the Loos-series, E. of Noppikoski, by arkoses, which, how- 
ever, rest on old gneiss-granites and not, as the writer previously 
supposed when publishing the preliminary report on the district, on 
Risberg granite. The small area S.H. of Tandsj6, where Loos-schists 
have been down-faulted, has also proved to be of evidential value. The 
Loos quartz-porphyries are there covered by tuffitic sediments, which 
in turn are clearly overlaid by quartzites, in every respect similar to 
those of Ryggskog. The unconformity may, consequently, be con- 
sidered as firmly established, and the following succession to be the 
normal one: 


Youngest: Pebbly yellow-brown quartzites (basal conglomerate of 
the Noppi-series). 
Violet-gray quartzites. 
y Slates. 
Graywackes. 
White, gray or green quartzites. 
Oldest: Arkose. 


These series are differently developed at different localities within 
the area. While, within the Loos-area proper, the slates predominate, 
the quartzites constitute the bulk of the sediments between Tands]0 
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and Noppikoski. Only at the latter place is a complete series preserved 
in unbroken sequence, even if it is — so to say — condensed, no 
important phase of the sedimentation being unrecorded, but no great 
thicknesses being attained either. 

An enlarged map of the Noppikoski area is found in the appended 
Fig. 13. The bottom arkose was already observed by SVEDMARK, who 
called it a sparagmite. He did not observe its grading from perfectly 
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Fig. 13. Sketch Map of the Noppikoski district. 


fresh granite of Group I, or maybe Group II, through gradually in- 
creasing weathering for a distance of 10—30 m. into a quartzose 
arkose where most of the felspar is gone and replaced by mica and 
chlorite. Still retaining its pebbly character, this quartzite grades, 
N. of the Ore river, into a dark green vitreous quartzite which gradu- 
ally becomes evenly grained and denser. The green colour, in ana- 
logy with the green slates, is derived from basic material between 
the quartz grains, probably originating from the weathering of adja- 
cent but now removed greenstones. Its present mineral phase is one 
of ferrous diopside and green chlorite, the latter arranged tangentially 
around the quartz grains. Some sillimanite needles and albite are also 
included in the interstices between the grains. The chemical compo- 
sition is given by analysis 53 (cf. Pl. XLVI). 

When ascending the sequence, the arkose gradually changes into 
graywackes interfoliated by fine-grained phyllitic layers rich in biotite 
and sericite (cf. Pl. XLVII). Analysis 54, taken from the big slate 
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or 


Analysis Nr. 53. 
Green Quartzitic Arkose (Ls-s-112) from Ore Alven. 
Analyst: R. Blix. 


| Mol. Actual mineral a man 

ali Prop. composition Nigegli’s ref. | 

| x 100 0% values 
SiO, . | 82.43 | 187.25 | Quartz ..... 66.9/si = 468 
Oe + hod | 0.09 Ota eDiopsidere. . ss, = 21.2|/qz =-+360 
P30: - 0.08 OLOG-Chlorite: «5.2.4 6:3) al) “ee 11s 
Al,O, 3.26 3.20 | Sillimanite ... 41/fm = 52.5 
Fe,0, 1.82 L14,) Albite, 2 son at Lie = 3858 
OO epee «adits. 1.39 1.94 | Titanite . . 0.2) alh = 0.5 
MnO 0.14 0.20 | Apatite . . Oo) me 0.7 
MgO | 4,24 10.52 ~ 4000/—. = 0.00 
CaO 5.60 9.99 ea Gen 0.67 
Na,O | O14 0.23 
KO. — — 
Pee 0.58 3.22 
EOS ae, a oes | 0.04 — 

99.81 | apres OU) 
| Sp. gravity “yO: 2.801. 
| t 


Analysis Nr. 54. 
Quartzitic Slate (Ls-s-100) at Stensj6 Brook south of Ovre Gassmyrtjirn. 
Analyst: N. Sahlbom. 


; | woe Actual mineral Niggli’s ref. | 
% | Prop. composition Hl | 
| x 100 % values 
| 
SiO, . os) SRO BS LLTAT (Quartz. 29... 40'6|/si = 359 
TiO, : 0.54 Ors Micave-e 9. a.0 a: 23.4 (to = 2.60 
POR: 0.10 | 0.07 | Plagioclase ale =e os: Dee 
Al,O, TL4ss) 11-96 (ADs ATs) eee LOO) rime mde 
Fe,0, 1.79 | 1.12) Sillimanite .. . \ g3\/c. = 28.0 
FeO 0.73 | 1.02 | Andalusite eee ee) 
MnO 0.04 O06) @alciteume ec) eens | O20 | mp ae 0.59 
MgO. . 1.90 ATi | Magnetite : 9.05. 23k esas 0.47 
CLG ahr | 4.24 T.h6o| Vitantbe oozd. Gs. 1o\c/fm= 0.95 
Na,O . | 1.95 ae AGatitem acme 0.8) qz =+187 
eae | 2.50 65 aa 
HO+: 0. [pet orden 69:10 100.0 
[ERG ene ie | 0.15 — 
COnane | 2.68 6.09 
ee Sp. gravity gs: 2.764. 


basin, W. of Loos, represents such a transitory form between quartz 
itic graywackes and slates. Another sample, analysis 55, collected 
to the S.W. of the former, is of a more slaty type. The first of the 
two is typically clastic and very rich in sericitic mica as well as in 
fragments of sillimanite, andalusite and tourmaline crystals. It is 
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Analysis Nr. 55. 
Black Biotite-bearing Slate. Stensjobicken Brook north of Stormyren, 
Loos (Ls- 574). 


Analyst: N. Sahlbom. 
eee 


Mol Actual mineral ee 
: ee Niggli’s ref. 
% Prop. composition 
x 100 4, values 
SS ———————L——— i 
Si0,..-. . «= «|» 64.83 | 107.19 | Quartz-. - 2. 34.8\si . s+. 248 
UO) ct rere 0.72 0.90 | Plagioclase ... 24.8/qz...+ 86 
AR ak eee 0.20 0.14 (varying from Eisgeeee 2.08 
AO Gees Sy sagen oh 14.76 14.48 oligoclase to al . 34.5 
Hes Swen ca seg 1.44 0.90 andesine) fm. =o Obie 
HeQuee hort a ety 3.92 5.46 || Micracline = ea0) 13d:8/\cey ee 13.5 
Mn Omen me Boat 0.10 0.14 | Biotite and Chlorite 20.1)alk .. 155 
Ne Olea ct a, te. be 3.98 5.94 | Epidotess a: aries ies: Sy meee 0.62 
CaO grereeta, ers. 3.33 9.87 | Apatite and ores. 3.2/|k ... 0.69 
Na,O . : 1.32 2.13 ogi 0.37 
10 we: 4.44 471 ime 
1s| Oar 0.20 a et 
HAO maces 0.25 — 
100.05 20° 
Sp. gravity Es 2.770. 
Analysis Nr. 56. 
Slate from Ryggskog Quarries (Ls-564). 
Analyst: N. Sahlbom. 
| Mol. Actual mineral Nigeli’s ref 
% Prop. composition pane ce 
x 100 0 values 
Si0,.......| 70.60 | 117.55 | Mica, mostly qty ae 
WRU O Apter cles: lena 0.56 0.70 biotitic . .. . 5d9}/qz =+254 
IeXO)E . ai meee te | Quartz, Reece eee oles rae 2.65 
Al,05 Maa ee 22 14:98} Microcline . - ~ 6:9 al! == 56:5 
OS ON eicecicyeniyith aed 3.67 2:80)) Albitem 0 < ees) ev6) street 
ae eee rr ome oe ae | Ores gee. ey ot ieeee saa G = 2.0 
NO Fe ek ae dhe .04 .06 ATV A Sl = eae 
INEXO oe ge een oe eee alate 2.75 100.0 mg = 0.58 
oo re a Ct 0.28 0.50 k = 0.92 
a Ror, geese 0.30 0.48 | c/fm = 0.12 
AU oe eee 5.38 5.71 
Oe en 5) SROs tL es 
1 Oe Se eed 0.27 — 
oy ee 
100.05 ° aaa 
Sp. gravity oF O21 2: 


partly cemented by calcite. The second is richer in minute brown 
biotite-flakes, which add to its dark colour as does also the powdery 
ores distributed throughout the texture. On account of the larger 
percentage of micas, the clastic fragments are more separated from 
each other. Beautiful current bedding structures are observable, not 
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Analysis Nr. 57. 
Yellow Slate from Ryggskog Quairies (Ls- 789 a). 
Analyst: N. Sahlbom. 


Mol. Actual mineral een 
% Prop. composition Nigeli's’ rer. 
| x 100 % values 
| | 
BGP <= | 59.41 | 98.92 | Sericitic Mica . . 65.1 | si = PS) 
TWMOEG Run cate teria 0.62 0.97 | Quartz ..... 25.2 |qz = + 99 
20 Se 0.36 OND I COTes i tes seen ke Gon ti 2.70 
LAK OR pea a ecmcee 20.62 20:23 | Albite™ 5 2. . = 1G?) al eo 
Be Oeste) kiss Las 4.24 R80 bApatitecd 6 Gece 06\fm = 31.5 
Le ee 3.07 4.27 eeyrre Ce a gh 
0 are 0.03 | 0.04 | Ae jalk = 14.5 
EEO Pie pao ee 2.64 | 6.55 | (ua ee 0.54 
a) a a 0.30 | 0.54 | Heo = 0.95 
NEE Fees mene 0.19 0.31 | c/fm = 0.04 
41 Ee eee eee 5.00 5.81 | | 
13 AOE iat vege 3.26 18.10 | 
Be Oe ete hs a ees 0.30 = | 
100.04 | _ ey 
Sp. gravity “4. C: 2.740. 


only in the field but also microscopically. Undoubtedly the first rock 

derives its material from the metamorphosed tuffitic and sub-Loosian 

schists while the latter may represent detritus, mostly from granites 
® (ct. Pl. LI, Fig. ¥). 

The grading into extremely fine-grained and argillicious slates is 
illustrated by the analyses No. 56—57, executed on samples from the 
Ryggskog quarries. Of the two, the latter represents the most psam- 
mitic type found to the E. of the workable slates and quite unsuitable 
for the production of whetstones. A comparison of the analyses shows 
the disappearing of the biotite and the increase of the sericite up to 
2/, of the rock, At the same time the potassic felspar declines, and only 
some albite remains (cf. Pl. LII, Fig. 1). 

These soft yellow slates not occurring at Noppikoski but being en- 
countered in the drill-holes, 8.E. of Ryggskog (cf. Fig. 12), are of very 
young appearance, and several of my colleagues, when visiting the field, 

_ have spent hours looking in vain for fossils. I may admit having taken 
a lively part in their labours, until the drill-holes definitely proved their 
connection with ordinary slates. 

These latter are gray, strongly pressed and schistose at an oblique 
angle of 25°—30° to the original bedding. The stratification is beautifully 
preserved, strongly reminding one of the varved structure of glacial 
clays. Peculiar oval nodular protrusions are noticed on the planes of 
sedimentation, — not on those of transversal schistosity. They vary 
in size from 4 to 10 cm. in length and look like concretions. Cross-sec- 
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tions, when examined under the microscope, fail, however, to show any 
concentrations of authigenic constituents. They are simply small 
areas, where the continuous sedimentation has been discontinued. 
In a way, their margins are even unconformable to the bedding (cf. 
Fig. 14). A minute quantity of grayish-brown powder 1S attached to 
their always convex surface, but all attempts to identify this powder 
have so far failed. 
Two suggestions offer themselves. The first is that the protrusions 
may represent some kind of jelly-fish. This does not, however, seem 
reasonable, on account of the age of the slates, even if one must not 


SSS eee 


Fig. 14. 


forget the still older »Corycium enigmaticum» of the Finnish-Bothnian 
phyllites, interpreted by SEDERHOLM as possibly being algae or fos- 
sils (32). The second suggestion is that of gas-bubbles, developed in 
the slime, breaking the continuity of the sedimentation and finally 
compressed by the weight of the continued sedimentation. At the 
flattening out of the bubbles an unconformity between the gas- 
film and the bedding especially along the circumference might be 
expected. 

The slates are overlain somewhat abruptly by the upper quartz- 
ites, even if there sometimes occur transitionary beds of alternatingly 
quartzose and slaty banding, such as is the case at Noppikoski. The 
upper quartzites are of distinct violet gray hue and, in consequence 
of their tectonic position along the big fault-lines, generally strongly 
brecciated by milk-quartz veins (cf. Pl. XLV, Fig. 2). 

These quartzites attain their greatest thickness in a precipitous ridge, 
W. of Lake Sandsjén, and analysis No. 58 shows their almost pure 
quartzose composition, only a small quantity of sericitic mica being 
present. A study of the quartz grains right through the sedimental 
succession indicates a diminishing dynamic stress towards the top- 
strata, expressed by decreasing recrystallization and optic strain. 
Reference has already been made to the breccia at the top, due to the 
faulting, and to the tuffitic matrix of the breccia. Near the top, layers 
of more psammitic sedimentation, rich in hematite, are met with, and 
the corresponding phenomenon is repeated N. of Noppikoski at Hist- 
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Analysis Nr. 58. Analysis Nr. 58 a. 
Quartzite. Eastern slope of Sandsjé- Violet Quartzitic Sandstone. Hiast- 
berget Hill (Ls - 541). myren north of Noppikoski (Ls - 559). 
Analyst: N. Sahlbom. Analyst: N. Sahlbom. 
| Mol. | Actual mineral | | | Mol. | Actual mineral | 
% | Prop.| composition | % |Prop.| composition | 
|x 100 % x 100 % 
| —_—_—_——_—— 
SiO, 95.13 |158.39| Quartz. . 89.9 | Si0, 83.48 |188.91 | Quartz . . 74.8 
TiO, 0.06 | 0.09 | Sericitic | ALiOS 0.45 | 0.56 | Sericitic 
P,0, 0.05| 0.083] Mica. . 9.3||P,0, 0.10} 0.07} Mica. . 2U.7| 
AN,O,; | 2.20} 2.16/Ores. . . 0.5) | Al,0, 7.64 | 7.49 | Limonite | 
Fe,0, 0.39} 0.24| Apatite . 0.3| | Fe,0, 2.02| 1.26] (partly 
FeO 0.08} 0.11 100.0 | | FeO | Q.14| 0.19] pseudo- 

MnO tr. _ “| | Mn0 tr. —| morphs of 
MgO 0.28} 0.57 || MgO 0.37} 0.92 Goethite) 2.6 
CaO 0.26} 0.46 | CaO 0.19} 0.84] Rutile and | 
Na,O tr. = Na,O tr. —| lIlmenite 0.6} 
K,0 0.99| 1.05 K,0 2.68| 2.79| Apatite . 0.3| 
EOI | 0:50) 2.77 | EERO) Sie eey! ~ 400.0 | 
EO Se 0.12 | | He Ome ey O24 , 

100.01 | 20° | 100.52 | 2 
| Sp. gravity oH C: 2.660. | Sp. gravity we C: 2.682. 


myren, where a quartzite is strikingly violet, due to the presence of 
limonite as pseudomorphs after small goethite crystals (cf. analysis 
Nr. 58 a). 

As already intimated, the position of the Raberg-quartzite is some- 
what doubtful, and the absence of sufficient outcrops has prevented a 
definite answer to the question being obtained. Tectonically, one is 
given the impression that the Loos upper quartzites as well as their slates 
and arkoses have been superimposed. The microscopic picture of the 
quartzites in question, however, is rather young, even if their very 
bottom-strata remind one of the sub-Loosian upper quartzites. The 
quartz grains are fully recrystallized, the only important accessory 
mineral being recrystallized sericite in the interstices. The recrystalli- 
zation may be altogether due to the proximity of the Ratan granite, 
and this supposition is confirmed by the W. outcrops of the quartzite 
area half-way between Raberg and the main road, as well as in the 
Algknopparna Hills, farther N. 

The texture of the quartzite in those exposures is much less recry- 
stallized, even the primary boundaries of. the quartz grains being 
sometimes quite evident. On the other hand, the light gray to pure 
white colour of the rocks is, megascopically, not in agreement either 
with the upper of the lower Loos-quartzites. The white sub-Loosian top 
quartzites are actually more in correspondance with the crystallized 
parts of the Raberg quartzite, while the W. types remind one of the 
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Noppi series. It may, of course, be possible that the bottom quartzite 
at O. Raberg is of sub-Loosian age, while the upper quartzite may 
-be even Noppian. For the present, however, they have been mapped 
as Loosian and their tectonically puzzling position left to future research. 


The Noppi Series. 


The Basal Conglomerate. 


Finally, there remain to be mentioned the sandstone quartzites 
immediately underbedding the Noppi quartz-porphyries. This quart- 
zite is, microscopically, almost arkosic, the grains being unevenly 
assorted and sometimes rather angular. At places, the rock assumes a 
perfectly white colour with well-developed current bedding quite similar 
to that W. of O. Raberg. An exposure occurs at the bend of the road 
immediately N. of Noppikoski while the normal reddish coarser types 
crops out in the river canyon below the falls. The whole formation is 
strikingly different from the brecciated underlying violet-gray upper 
Loos-quartzite of Sandsj6 type, which latter encloses big fragments 
of the older slates (cf. Pl. LIII). The original bedding is somewhat 
obscured by a secondary cleavage connected with the tectonic dis- 
turbance on the intrusion of the quartz porphyry, and by the breccia 
dislocation. It seems, however, to be unconformable with the schists 
even if the angle is low. The cementation of the rock is considerably 
less advanced than that of the violet-gray top-quartzites and most 
of the original grain boundaries are still discernible. Very little 
recrystallisation of the primary clastic mica has taken place, except 
close to the porphyry contact, where it is evidently replaced by 
chlorite and biotite. These latter phenomena, by the way, furnish 
valuable confirmatory evidence of the presence of a magmatic contact. 
As previously inferred, the somewhat tectonic disturbance of the joint 
makes the reading of the age relationship at the joint rather difficult 

The presence of a conglomeratic zone of pebbles of older quartzite 
as well as granite strengthen the impression of a definite stratigraphic 
as well as metamorphic unconformity. This conglomeratic zone was 
unfortunately, blasted away last summer when the rapids were rectifiec 
in order to facilitate the timber-floating, but I managed to save a smal 
part in the cliffs on the S.H. side of the bridge. The writer begs hi 
colleagues, when visiting the locality, to leave them kindly »in situ» ai 
a piece of valuable evidence. In the chronological diagram of the writer’ 
preliminary report, however, he placed the unconformity at the bas 
of the Noppi quartz-porphyries, at that time not having observec 
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Ritan granite from the hill E of Skogs Karlsvall, north of Loos. The 
microcline crystal in the centre is partly surrounded by a shell of albitiec 
unhomogeneous quartz. Nic. +. Magnif. 10. 
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Fig. 1. Hybride-rock of Ratan- and Risberg granites. 
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Poikilitic texture of the Ratan aplite from Klucken. Nic. +. Magnif. x 55. 
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Fig. 1. Acid Ratan granite W of Lekattkélen. Ord. light.. Magnif. X 35. 
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the discordance between the conglomeratic zone and the older quartzite. 
Actually, the unconformity is situated some hundred m. lower, the 
reddish sandstone-quartzites constituting an accumulation of detritus 


‘of the underlying quartzites and slates, already present at the time of 


the Noppi-porphyry extrusion (cf. Pl. LI. LIl). 


_ Consequently, the conglomerate between the Loos and Noppi series 


in the chronological diagram of this memoir has been moved to the po- 
sition of a basal conglomerate of the latter series. 


The Noppi Porphyries. 


The Noppi porphyries occupy a large area around, and mainly to 
the south and west of, Noppikoski. Their contact with the underlying 
quartzitic sediments is nicely exposed east of the bridge at Noppikoski 
and has been described in the previous chapter. Reference has already 
been made to the brecciating of the grayish-violet upper quartzites of 
the Loos-series by the porphyries, 8. of Tallsjén along the outlet of 
this lake. To the S., the porphyries rest direct on the arkose of the 
old archzean which may be studied at the small outcrop on the southern 
slope of Viidamiki Hill. Circling the foot of the hill, eastwards from the 
outcrop, one strikes the magmatic contact between the younger granite 


* which is presumed to be of Ritan age and the porphyry — a contact 


already noted and described by Loostrro6m. 

At this contact the porphyry beds rest on the archzan fairly hori- 
zontally, the maximum dip towards the N.W. being about 30°, and 
the bottom part being a gray felsitic rock decidedly more finely grained 
than at higher levels. Where the chilled and granophyric marginal 
border of the Ratan granite meets the porphyry, the latter gets coarser, 
also sometimes developing secondary granophyric textures, making 
it rather difficult to decide whether an outcrop consists of porphyry 
or of the chilled marginal phase of the granite, At several places dykes 
from the granite clearly intrude the quartz-porphyry. At the intrusive 
contacts, as well as at higher levels, the porphyry is of a reddish-brown 


colour. 


At the Noppikoski contact, the base of the lava-flow, too, is of a 


| gray felsitic habit, with few phenocrysts, gradually displaying an in- 


creasing amount of small quartz grains at a distance from the contact 
and merging into a brown rock with additional phenocrysts of red 
felspar at about 300 yards W. of the bridge. True felspar types, such 
as the Loos porphyries at Gullberget, are never observed, however, 
within the Noppi lavas, neither have any true vesicular effusives cor- 
responding to the Hjairpberget rocks ever been noticed. 
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At Noppikoski, especially in the vicinity of the bottom contacts, 
the porphyry exhibits a streaky appearance not quite coinciding with 
the original flow structures. The streaks may be referred to differential 
moments at the slightly tectonized contact. 

At the Autiomiaki Hill, the granophyric rock separating the porphyry 
from the granite contains greenish-black basic inclusions, occurring at a 
definite stratigraphic level. Part of the latter may even show a homo- 
geneous dark granophyric rock, no corresponding rock having been 
found elsewhere in solid outcrops. Loosrrém, too, whose attention was 
drawn to these inclusions, supposed them to be fragments of an older 
diabase. The mother rock of the dark inclusions, as well as the homo- 
genous dark fragments, both consist of a nicely granophyric rock 
where more or less coarsely lath-shaped and twinned oligoclase crystals 
and tabular microcline-crystals constitute the bulk of the texture 
of quartz; green hornblende, a large percentage of ilmenite, allanite 
and a sparse ground-mass of felspar and quartz in poikilitic inter- 
growth, making up the balance. In the inclusions, the same femic 
minerals predominate over the acid, but the mineral composition is 
the same. The texture of the mother rock being somewhat inhomo- 
genous, it has every aspect of resulting from contamination of the 
granitic or porphyric magma by an earlier basic extrusion of the same 
magma; part of the earlier inclusions, being already absorbed by the 
ascending acid differentiates. 

On the N.E. slopes of Autiomaki and at Millberget even flows of 
decidedly porphyric character with nicely preserved primary flow tex- 
tures have been found to contain these inclusions as well as fluxed 
streaks of them, rich in amphibole and titanite. 

The less metamorphosed inclusions carry all the hall marks of the 
Ratan granite, their titanite, hornblende and violet fluorite being 
similar. They may be taken as the Noppi counterpart of the green- 
stones of the Loos-series, preceding the extrusion of the acid lava. 

In this connection, reference may be made to the earlier supposition 
that the Noppi porphyry sediments, as suggested by Loosrrém, are 
contemporaneous with the lower Loos-series. During the first years of 
his work in the region, the present author was labouring under the 
same delusion but found it increasingly difficult to make the field 
evidences fit this hypothesis. During a long period he regarded the 
Noppi sedimental pack, E. of Noppikoski, as an overturned fold of 
Loos sediments, assigning the better preserved primary features of the 
Noppi period to a lesser degree of metamorphism. Having at last to 
give way to the accumulating contradictory evidence, he still for a 
long time entertained strong doubts as to the correctness of his deduc- 
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tions. The points of evidence which finally clinched the matter, how- 
ever, were the following: 

_ 1) The undisputable »younging» of the Noppi sediments towards the 
porphyry, as evidenced by the beautiful current bedding. 

_-2) The occurrence of easily recognized violet-gray quartzite of the 
younger Loos-series within the magmatic breccia of the Noppi quartz- 
porphyries at the Tallsj6 brook. 

3) The stratigraphic succession at the same brook, to be discussed 
later, and 

4) The consanguinity between the earlier basic members of the 
Noppi extrusion, their succeeding acid ones and their parent magma, 
the Ratan granite, on one hand, and the deficiency of any relationship 
of these rocks and the Loos lavas and Risberg granite, on the other. 

The chemical and mineralogical range of composition of the quartz- 
porphyries are fairly similar, however, within the two age-groups, as 
demonstrated by the appended analyses No. 59—61 and by their modes. 

The plagioclase ranges from An,, in the slightly granophyric quartz- 
porphyry, S. of Kvarnberget, to almost pure albite An,_,, in the more 
acid quartz porphyries at Noppikoski and Tallsjé Lake. The potash 
felspar is, presumably, originally perthitic orthoclase, changing into 
microcline in agreement with the degree of dynamical stress imposed 
on the rocks. 

A calculation, based on the analysis and geometric measurements, 
shows that most of the albite occurs as phenocrysts, only about 20 % 
remaining in the ground mass. The former are about 2—6 °% richer in 
anorthite than the plagioclase of the latter. 

Secondary biotite was found within the thermally metamorphosed 
aurole of the Ratan granite, while secondary chlorite is fairly common 
within the rocks, caught in the great dislocation zone EH. of Noppikoski 
as well as in the streaky parts of the base of the lavas at Noppikoski 
bridge. The quartz phenocrysts are of undular extension and the felspar 
phenocrysts shattered within the dynamically metamorphosed areas, 
otherwise they are homogenous and only protoclastically broken. 
The beautiful behexaedral quartz phenocrysts as well as the felspars 
are sometimes corroded and embedded in a well-preserved fluidal 
base. Sericite is generally abundant within the micropoikilitic ground 
mass but may very well be entirely absent in dynamically unaffected 
places, such as the very peak of the Noppimaki hillock, a conspicuous 
monadnock, dominating the landscape 8. of Noppikoski (cf. Pl. CIII, 
Fig. 1). 

ae well-preserved area is the Ormtjirnsknoppen Hill within the 
raised area 8. of Alvho, where the spongily micropoikilitic base displays 
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Analysis Nr. 59. 


Quartz-Porphyry, two miles south of Kvarnberg (Ls - 502). 


Analyst: R. Blix. 
nn ————————————————————eeee 


Mol. Mode Niggli’s Osann’s 
% |, Prop. Norm P System | System 
x 100 % y 
ea nce eee ee 
sid 72.40|1120.55|Q .. 3448] Quartz . . . 32.7)qz +175 S 79.5 
TiO, 0.55| 0.69/Or . . 28.40| Orthoclase si 891 «|A 6.2 
P,0, 6.12} 0.09|Ab. . 20.56)  (Microcline) 26.1) ti 2.24/0 1.5 
Ai,0, | 11.95] 11.72|An. . 6.91 | Plagioclase al 380 |F 44 
Fe,0, 137; 086/C .. 0.20| (Ab;,An,,.). 27.0) fm 24.9 a 15.0 
FeO 3.16| 4.40| gal. 90.55 | Chlorite and c 5 \¢ 3a 
Mn 0.09) 0.18 iy. 513| some Biotite 10.8)alk 29.0 |f 115 
MgO 0.51) 127\ Me. . 20g) Ores Ma cee ceueoo ine 0.17)/n 438 
CaO 1.44| 2.57|Tim . 1.05| Apatite ... G2)k 0.57|k 1.76 
Na,O 2.43; 3.921 Ap. . 0.20 100.0 c/fm 0.85 
K,0 ; 4,82 ails Siem 8.40! 
105° . 
H,O+ 0.88) 489/F 0. O88 
99.83 
pee sees ea ee re 
Quantitative System: I: 3: 2: 3 — Tehamose. “ : M 
—105? Osann’s Type: No. 14. Macomer (s 78.5, a 17.5, ¢ 4.0, f 3.5 
HOT 0.12 n 5.4, k 1.58). 
99.84] Or: Ab: An — 51.01: 36.93: 12.06. 
| Sp. gravity at C: 2.571. 


Analysis Nr. 60. 
Red Quartz-Porphyry from Noppikoski (Ls - v - 106). 
Analyst: N. Sahlbom. 


o Eins 1G Fm Mode Niggli's Osann’s 
a J 100 % System System 
sid, 74.44 | 123.94|Q . . 35.44] Microcline . . 39.8/qz +194 Ey ceil 
TiO, 0-153." 0:19") Or =. 4007 ) Quartz soe eosolst 450 A 7.8 
P,0, 0.25) 0.18|Ab. . 18.82] Albite. . . . 18.2] ti 0.72/C 0.8 
Al,O, 11.92) 11.69)C .. 1.02] Ores and pig- al 42.5 |F 3.7 
Fe,0, 2.74| 1.72) Ssal. 94.85| mentation . 3.6|fm 16.5 ja 19 
FeO 0.29} 0.40|/ Hy. . 0.69| Sericitic Mica 3.4] ¢ 2.0m Clem 
MnO 0.02} 0.02/Mt.. 0O.4¢| Apatite ... O6jalk 39.0 |f 10 
MgO 0.27) O67} Hm . 9.49 y00.0 | BS 0.15) *sm 
CaO 0.84) 0.61/T1m . 0.30 mon ti 0.68) 1.68 
ae a on Ap ck | Oa9 c/fm 0.14 
- ae 20| = 
Hot | 037] 2.05 rag Ui 
2 . of 
Quantitative System: I: 3: 1: 2 — Magdeburgose. 
H,O-™] 0.13 Osann’s Type: No. 3. Costa Zaneti (s 78.5, a 20.5, ¢ 0.5, f 9.0, 
ee n 6.4, k 1.42), 
99.84| Or: Ab: An — 68.63: 31.37: 0. , 
Sp. gravity oe O.= Oar. 
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Analysis Nr. 61. 
Brownish-yellow Quartz-Porphyry. S. E. of Tallsj6 Lake (Ls - v - 249), 


Analyst: R. Blix.) 
= | 


Mol. M i pleesee 
0 Prop. a ode Niggli 8 Osann’s 
x 100 of System System 
a 
SiO, 78.71|181.05/Q . . 50.45] Quartz . . . 50.4/qz +826 |s 83.3 
Tio, OlGF (09) Or.) 28:89 Mica “2... 2lalal 552 A 6.9 
PO, no tr. | —|Ab. . 11.56] Orthoclase or ti 0.42/C 08 
Al,0, 11.39) 11.17) An... 1.09] Microcline . 16.7| al 50.0 |F 2.38 
Bes sad ne Cee oe | Alhites 6). LIS tin 16.6 |a 22.0 
e 40 | 56 | Ssal. 95.46 c 2.0 Ce a Oz6; 
‘Mn0 0.01; O.0llHy. . “191 WOOO) Bie le Ys 
| Mgo 0.77 1.91/Mé.. 1.20 mg 0.49;n 3.0 
CaO 0.20 0.36 | Hm ie, k 0.70)k 1.88 
Na,O 137} 2.21|/tm . 0.13 c/fm 0.10 
K,O 4.85| 5.15 | Sian 3.89 
+105 7 — - 
H,0 103)| 5:72 HO . 1.03 
99.88 
eee a I re ee el 
| Quantitative System: I: 3: 1: 2 — Magdeburgose. 
H.o-°| 0.17 Osann’s Type: No. 2. Paisano Mt. (s 80.5, a 23, c 0, f 7, n 6.4, 
2 aah k 1.56). 
99.90} Or: Ab: An — 69.55: 27.82: 2.63. 
| 20° 
| Sp. gravity we C= 2:561, 


striking zones of acicular quartz around the homogeneous quartz pheno- 
erysts. At other places these zones grade into extremely fine-textured 
granophyric borders. This type of quartz was described originally by 
Hepstr6m in 1894 from the so-called Baltic quartz-porphyry boulders, 
believed to have been derived from the bottom of the sea. He called 
it needle-quartz, and it has lately been further investigated by Esxona 
and TrITTINEN. Their description agrees in every respect with the 
Noppi rocks, and a striking similarity has been noted between the 
Finnish boulder of Baltic quartz-porphyry investigated by Esxona 
(Compte rendu de la Soc. Geol. de Finlande No. 8, 1934) and the Noppi 
porphyries. This is especially the case with No. 3 boulder (Loc. Cit. 
pp. 114—118), the analysis of which, as well as the texture and mineral 
composition, is almost the exact counterpart of the Noppi porphyries 
down to the FeO: Fe,0,-ratio. A comparison between Hskoua’s 
microphoto No. 2 and the one appended (PI. LIV) to this memoir further 
illustrates the fact. 

One will, therefore, be on fairly safe ground when suggesting that the 
sub-Baltic quartz porphyry is of Noppi age and older than the intrusion 
of the Rapakivi granites. The poikilitic, or rather micro-poikilitic 
texture, of the ground mass needs no further elucidation, reference 
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being made to GEIJER’S admirable description of 1913 which fully; 
applies to this case. 

Returning to the analyses, the increase of excess alumina, accompany-- 
ing the increase of silica and expressed in the norm in terms of carbo-- 
rundum, is worth emphasizing. The same phenomenon was earlier: 
pointed out in these pages when discussing the Loos porphyries. 

Mineralogically, all this alumina enters the sercitic mica, and the: 
simple mineral composition of the quartz-porphyry S.E. of Tallsj6) 
lake permits a fairly accurate calculation of the composition of the 
mineral in question. 

If it is computed as a phengite, there will still be an excess of alumina, 
and if it is taken as a sericite, there will be an almost equal deficiency 
in alumina. 

The calculated composition is given below: 


SiO, ce ey el ees 
Al, Og fs. 4 ep a ee ee 
Fe,Og. « it 3o- Ore, 25 2 seeker eee anaes 
FeO 2c See 
MnO.) 2°. <0 sso eS ee oe 
MgO 9s 2. 022 Anes S219 
CaO. . « 2 aos eo Ee Se ee roun 
K,O «i ¢ Se eee eee 
H,O- cae ee Sea 

100.0 % 


This analysis corresponds to about 50 % phengite- and 50 % sericite- 
molecules. 

This high alumina-ratio of the quartz-porphyries is certainly puzzling 
and is, in a way, a warning not to ascribe »a priori» a sedimentary 
origin to highly metamorphosed rocks, possessing no primary magmatic 
features, but rich in alumina. This warning may also be extended in 
regard to magmatic rocks of an unusually high alumina content, 
where contamination by aluminous sediments in many cases has been 
used as an easy explanation. 

The volatiles of injecting granites may, in local cases, be to some 
extent partly responsible for a secondary enrichment in alumina through 
the carrying away of other compounds, but such local changes can 
certainly not be connected with the regional character (in space as wel. 
as time) of the phenomena encountered by the ‘quartz-porphyries 
irrespective of the chemical composition of their parent magmas. | 

This feature, recurring at enormous intervals — which, as wilh be seer 
in the later pages of this paper, is repeated in the Dala porphyries too, — 
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strongly indicates some other agencies at work. As the alumina excess 
is bound only to the strictly volcanic effusive rocks and is absent in 
their deep-seated parent magmas, it may be supposed to be intimately 
connected with the release of hydrostatic pressure within the magmas 
rather than with a normal differentiation sequence of the magma 
itself. 

The author, consequently, ventures to suggest, as a possible expla- 
nation, the escape of alkali together with high tension-volatiles, liberated 
at the decrease of pressure following upon the extrusion of the lavas 
on to the surface of the earth. This would lead to a concentration of 
alumina, either suspended within the volcanic glass and later on, on 
devitrification, entering the phengitic mica, or else crystallizing as such 
on the cooling of the lava flows. 

Even the Ratan magma must, in spite of its lack of pegmatites, have 
contained a noticeable amount of volatiles, as shown by the regular 
content of fluorite. This latter mineral is also found occasionally within 
the Noppi porphyries, and the rock of analysis No. 61 especially contains 
it, both as a »perthitic» replacement intergrowth within the felspar 
phenocrysts and also in the shape of sporadic grains within the ground 
mass. Where this quartz porphyry is brecciated, S.E. of Tallsjé, the 
breccia veins mostly consist of fluorite. This brecciating follows strictly, 
~ and almost like a banding, the bedding-planes of the lava and may have 
resulted from differential movements during the cooling period, although 
it may also be connected with the later fault which passes through the 
quartz immediately to the E. In either case, the fluorite may be sup- 
posed to be derived from the quartz porphyry. 

Finally, a few words may be said respecting the tuffitic rocks con- 
nected with the Noppi-porphyries. No analyses have been made of 
these rocks, but they are exponents of typical »halleflintas», The tuffs 
north of Gratbick Stn. are partly unmistakable acid ash-tuffs, but in 
- gsome localities along the fault they are so strongly dynamically meta- 
morphosed that the presence of a primarily volcanic rock may not be 
altogether excluded. 

The rocks are always felsitic with megascopically conspicuous small 
dark quartz-grains. 


The Noppi Sediments. 


The primary features of the Noppi sediments are generally very much 
better preserved than those of the Loos sediments, and their metamor- 
phic state is far less advanced, Their geomorphic succession is about 
the same as the previous one, although the erosion has not broken 
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down the rocks to the same degree as in pre-Noppi time. The erosion 
period seems to have been shorter, or the peculiarities of the climate 
different, the quartzites and graywackes generally being coarser and 
no »varved» pure slates of the Loos-type occurring (cf. Pl. LY). | 

The lower quartzites, to which reference has already been made when 
discussing the upper Loos quartzites, are not very thick anywhere. In 
the large area W. of Kvarnberg and Noppimaki one would expect them 
to crop out underneath the steeply tilted sediments W. of the big fault. 
Tuffitic halleflintas, instead, directly oppose the porphyries EH. of the 
fault. These tuffs grade westwards directly into schists which does not, 
of course, exclude the possibility of the bottom arkose being cut out 
by the fault. 

In the Tallsjébacken district, the brecciated gray-violet upper 
quartzite of the Loos-series is overlain unconformably by a very heavy 
conglomerate of older rocks, nicely exposed in the river bed and grading 
upwards into a yellow sandstone-quartzite of some 50—100 m. thick- 
ness, covered by quartz-porphyries. This is an exact repetition of the 
succession at Noppikoski, only that the basal conglomerate is more 
strikingly developed. On top of the quartz porphyry follows, without 
any sign of weathering, the same quartzite again, indicating the intrusive 
character of the lava-sheet. In other localities, however, such as for 
instance 8.H. of Tallsj6 Lake, the quartz-porphyry has a more distinctly 
effusive character and seems to have congealed on the surface. The 
same seems to have been the case farther S. at Oreailven where the con- 
tact between the upper red Noppi-porphyry and a remaining part of 
the quartzite spared by erosion shows big fragments and chunks of the 
porphyry within the basal parts of the sediment. 

The Noppi-porphyry, consequently, has apparently been intruded 
along the bedding of the lower quartzites as well as extruded on top. 
The descending succession, consequently, is as follows: 


Youngest: Basal conglomerate of the Dala series. 
Yellowish-white quartzites. 
Quartz banded slates. 
Graywackes. 
Tuffitic graywackes. 
Quartz-porphyry. 
Reddish or white quartzite. 
Oldest: Basal conglomerate. 


Within the extensive southern Noppi area, the bottom quartzite 
may, consequently, be looked for, not only at the fault but also at the 
base of the porphyries at Viidamaki, where however, it does not exist, 


a 
: 
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being replaced by the arkose of the old gneiss granite. The whole series 
of slates and graywackes may be absent, as seems to be the case W. of 
Noppikoski along the Oreilv river. On the other hand, they occupy 
a very prominent position in the subsided area 8. of Alvho (in this 
connection, the subsidation is mentioned in relation to the quartz 
porphyries; in comparison with the Dala series it is, of course, a case 
of up-lift). 

The tuffitic graywackes are generally rich in titano-magnitite ores 
and fragments of porphyry. They grade into more evenly assorted 
quartzose graywackes, in which the felspar fragments are always quite 
fresh. The diminishing of the grain-size carries the rock into slaty types, 
but actually the Noppi slates are never anything but fine-grained gray- 
wackes. This slaty rock alternates with dark gray, microscopically 
pebbly quartzites. 

The grains of all the members of the Noppi series, except the last 
dense quartzite, are always very angular and, as already intimated, have 
evidently not taken part in any long epoch of erosion (cf. Pl. LV, Fig. 2). 
This constitutes one of the greatest differences from the Loos-series 
and a very important one, too, as it deals with a feature which could 
hardly have been obliterated on the metamorphism of the Loos-series. 
If, as previously assumed by earlier investigators, they had been 
contemporaneous, this difference could not have occurred. An addi- 
tional support is added by the evidence of primary geomorphic features, 
such as ripple marks and sun-cracks, already dealt with in a previous 
chapter (Pl. LVI, Fig. 2). 

Another great difference between the two series lies in the mineral 
constituents. Analyses Nos. 62 and 63, both taken from the slates of 
the, dynamically, worst ill treated area S. of Alvho, are illuminating. 
Besides. slightly optically unhomogeneous quartz, phengitic sericite 
is the only principal constituent, the accessories being some albite, 
apatite and titanomagnetite. The tuffitic graywackes also contain 
some chlorite, undoubtedly derived from the sometimes rather common 


occurrence of this mineral with the porphyries. In no case — except 


occasionally at Korpimaki close to the Ratan granite — has any biotite 


been found, which constitutes a striking contrast to the metamorphic 


phase of the Loos-series. 

If a comparison from a metamorphic point of view had to be made 
across the whole distance between Noppikoski and Loos, the phase- 
difference might lose some of its evidential value, but the distance 
being only about a mile or two between the Noppi-series at Talls}6- 
biacken and the Loos-series at Oreilven, strong support is given to the 
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Analysis Nr. 62. 


Quartz-pebbly Slate. Brynberget. (ls-v- 496 b.) 
Analyst: R. Blix. 


Mol. Actual mineral Nigegli’s ref. 
% mone aa eet values 
ee SS oe 
SiQAre eos ue et 77.76.| 129:477) Quartzeeee oy ee OUe SH tSieemecame - 506 
TiO, A ton eG 0.16 0.20 | Mica (Sericitic). . 37.0|/qz. . . +332 
PSO) reeare fe, Fas se 0.00 —= |\Oresve.s 0 ee 1.2 Re tar, aa 
BA VO) ace aon ohete wpe ca 11.06 10.85 MN TS a ¥ 
acy ee tae 471 | 2.95 100-01 Fm 33.0 
UeOpee mas as 0.46 0.64 le! Tro rem 
Mince baer. ae: bis _— alk 18.5 
Mo Om eet oat 0.35 0.87 Me. sa fag ee OB 
CaOgane se | 0.00 — [Kk SS, 5 oe 
NatOmean i a) 2. 0.00 _— \¢6/fmi ees 5 100 
is Oates teas xe 3.88 4.12 
HOrm 1.63 | 9.05 | 
1B Oss LS 0.22 — | 
100.24 one 
Sp. gravity x C = 2.760: 


Analysis Nr. 63. 
Black Slate. Lekattkélen Hill, Aman. (Ls-s - 57.) 
Analyst: R. Blix. 


Mol. | Actual mineral Niveli’a gee 
% Prop. composition 88 1 ae 
x 100 | 0 values 
SOsvo ts ene ol) TER abeeiy eva 2 4 aes 63,9) qz. . . +258 
Ui AIS =: Sane 0.20 | 0.25 | Sericitic Mica (with Sl ty oon Hep er eee 
JEG a, ei Be, ols 0.08 | 0.06 ore interpositions) 32.7|ti . . . . 0.87 
PAC) aaeacscli, Neetu Pim oehl O71 9.537) 7Albite eae oh eee 3:2. Val cimseu oo 
IELOWRY cae ledieatie Ue G6 | VSL Apatitews, carer 0.2 | fm 55.0 
FeO 2.39 3.33 100.0 | ° 0.5 
MnO)... | 0.04 | 0.06 0 | alk 11.5 
NUS Os ame coh ears 0.88 | 2.11 mg 0.14 
OO OF ae Ra a | 0.08 0.14 k 0.82 
NO. ras: 30,35 Po O67 c/fm 0.01 
ROseeweel dete Ges 2.52 | 2.68 
Beene oe | 174] 9166 
GS eee | 0.19 é pare . 
a ac 99.93 | oP: Stavity “go O = 2.764. 


chronological sequence of the two series, advocated in the present 
memoir. 

Finally, a few words have to be said respecting the upper quartzites 
of the Noppi-series immediately underbedding the unconformable 
top-conglomerate, viz, the basal conglomerate of the Dala-series. It 
is a well-sorted pelitic sediment (size of grains about 0.3 mm.) with 
nicely preserved primary grain-boundaries and a matrix of phengitic 
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sericite. A characteristic feature is the presence of an unusual amount 
of pyrite grains among the mica. Current bedding is nicely in evidence 
and there is no question as to which way the rock is »younging». 


The Ratan Granite. 


The Ratan granite occupies a large mountainous area of about 50 
Swedish sq.miles (1 000 English sq.m.) of which only a small part falls 
within the northern district of the appended map. It derives its name 
from a locality within the province of Hiirjedalen, from which place 
it was cursorily described by H6cBom in a memoir of 1894 (17) and it 
was later referred to by BuomBere in 1905 (1), Both emphasize its 
very constant composition over the entire area, 

The age of this granite has been the subject of some discussion. While 
BLoMBERG considered it old archean but younger than the oldest 
gneiss granites, which it was stated to brecciate along the eastern boun- 
dary N. of the present map, HécxBom pointed out the similarity of its 
marginal phases to the Garberg granite of Dalecarlia which he con- 
sidered to be younger, however. In his outstanding memoir on Norr- 
land, 1906 (15) he actually puts the Ratan granite in relationship 
to the Dala porphyries, considering them to be younger than the Loos 
porphyries. At the same time, however, influenced by the conception 
ruling in those days, he ascribed them to an earlier age than the so- 
called »ser-archean» Revsund granite. This latter granite he considered 
contemporaneous with the Stockholm granite. 

In his contribution to the »Handbuch der Regionalen Geologie» 
(16) Hécpom has changed his view and regards the Ratan granite as 
younger than Stockholm granite, still maintaining, however, a close 
connection with the Dala-porphyries as well as with the identical Siljan 
granites but at the same time ascribing to them an older age than 
the Rapakivi granites. On this latter point he took the opposite view 
to SEDERHOLM who, in the meantime, had referred the Dala Porphyries 
to the Rapakivi group. 

H6a@Bom’s opinion has also been the »officialy Swedish view, upheld 
since then and recently expressed anew on the Geological map of Swe- 
den, published last year under the supervision of Mr, AxEL GavELIN, 
General Director of the Geological Survey. SEDERHOLM, on the other 
hand, after having taken note of the preliminary result of the present 
author’s investigations, in his last important paper in 1932 on the 
correlation of the pre-Cambrian rocks of Fenno-Scandia retained his 
old opinion that the Rapakivi granites and the Dala porphyries were 
contemporaneous. Agreeing with the writer’s views, he assigned the 


Zoe HARRY VON ECKERMANN. [Mars—April 1936. 


Ratan and Siljan granites to a minor epoch of diastrophism preceding 
the great unconformity underlying the Dala series. 

The present writer’s chronological sequence 1s based on very strong 
evidence in the field as well as on laboratory work. Directly observable 
contacts between the Ritan granite and the adjoining rock are few but 
of great importance. The Ratan granite brecciates the old magmatites 
within a limited area E. of Romberg, where beautiful exposures are 
found on the E. side of the Sattnasan brook N. of the lake. The che- 
mical influence, however, is slight, xenolithes of migmatite mainly 
being subjected to thermal metamorphism. The granite cuts the sub- 
Loosian schists, too, at Raisberget and Ov. Hamravallen, with very 
sharp contacts and slight brecciation. 

Its younger age, as compared with the Loos-series, is verified by well- 
preserved greenstone inclusions in several localities along the northern 
border of the greenstone area and also by the big xenolithe of greenstone 
submerged in the granite magma N.E. of Tansj6. It also clearly cuts 
and penetrates the Loosian acid tuffites and quartzites S.E. of Tansj6, 
in the Toberget Hills. 

Turning to the Noppi porphyries, reference has previously been made 
to the Ratan granite’s exhibiting chilled borders at the contacts to- 
wards these porphyries, and even intruding between the lava flows, 
whereas the granite displays an increasingly aplitic marginal phase 
towards the Loos quartzites of the Sandsj6 ridge. On the other hand, 
the granite shows a very coarse grain close to the porphyries and dia- 
bases at Réstknoppen S. of Lillhamra. 

Even if the actual contacts in these two cases are not exposed, their 
probable distance from the outcrops must be about the same and, 
consequently, an older age of the granite as compared with the por- 
phyries and diabases is clearly indicated. 

No undisturbed joints between the Ratan granite and the Noppi- 
sediments have been observed, but an aplitic chilled zone of the granite 
area towards the fault, EH. of Lusbo and Myggsjén and separating it 
from the subsided area of Noppi-rocks, leaves no doubt of an original 
magmatic contact. As the basal conglomerate of the lower Dala series 
is deposited unconformably on top of the granite and as the granite 
also bears signs of strong dynamic stress, thus contrasting with the 
dynamically unaffected lower Dala-series, no other primary contact 
but the one between the Ritan granite and the block of Noppi sedi- 
ments is possible. 

What remains undecided, however, is whether the original contact 
was made between Ritan-granite and Noppi-sediments or between 
the Ratan-granite and Noppi-porphyries or even the underbedding 
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rocks. This depends on the vertical measure of the downthrow at the 
fault. 

Some indication might have been gained from a comparison between 
the topographic levels of the Ritan-granite of Lusbo and of that E. of 
Kvarnberg, —- but for the uplift of the Noppi-plug. The former granite 
Owns its present position to this jotnian movement, and no comparison 
could be undertaken without knowing the extension of the latter dis- 
location. 

As there is no evidence permitting of even a reasonable guess, the 
ceiling» of the Ritan-granite within the Noppi-succession is, conse- 
quently, left undetermined. It may intersect the sediments, — and 
it may not. 

Turning to younger strata a big boulder of Ratan granite of several 
m* was observed last year within the inter-Jotnian conglomerates at 
Bossfallet when a new channel was blasted through the rocks in order 
to facilitate the timber floating. This definitely limits the age of the 
Ratan granite upwards and rules out the old conception of the Ratan 
granite being contemporaneous with the Rapakivi granites (cf. Pl. CII, 
Fig. 1). 

The Ratan granite is a rather coarse syenitic, somewhat porphyric 
rock, containing up to 3—4 cm.-large pink perthitic Karlsbader-twins 
of microcline and some white oligoclase phenocrysts within an equi- 
granular base of the two felspars, a grayish violet vitreous quartz, brown 
biotite, titanite and green hornblende, the latter sometimes containing 
cores of pyroxene. Common accessories are magnetite, apatite, zircon 
and fluorite. The rock weathers easily, being in this respect strangely 
similar to the Finnish Rapakivi granite. Its texture on polished surface, 
showing darkly coloured quartz grains surrounding the big felspar 
phenocrysts, strongly reminds one of the »pyterlite-Rapakiviy described 
by Waut (36). 

The microcline crystals are sometimes rectangular but are mostly 
rounded and occasionally surrounded by myrmekitic or homogeneous 
zones of plagioclase (An,,), Showing on fractures rock surfaces as narrow 
white shells around the pink potassic kernels (cf. Pl. LVIII). This 
Rapakivi-like textural feature seems to be bound to the more acid 
marginal phases, and is very rare. An interesting case of »fluorite- 
perthitisations» of the microcline is, on the other hand, quite common 
at moderate distances from the borders of the granite area. The yellow 
fluorite has undoubtedly replaced the plagioclase-strings within the 
 potassic felspar by a concentration of volatiles during the late mag- 
matic stage. At the same time, the amount of violet fluorite increases 
in the interstices of the ground mass. 
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The normal type of the rock generally shows microcline shells sur- 
rounding the older homogeneous or antiperthitic plagioclase, sometimes 
with a thin ridge of interposed myrmikite. Towards the contacts, the 
plagioclase becomes distinctly zonal, at Hellberget for instance, varying 
from an almost andesinic kernel (Ans) to an albitic shell (An,,). 

The quartz is always of a distinctly undulous extinction even if, 
within the central part of the area, some fairly homogeneous quartz 
may be observed. The primary pyroxene is greenish white, ¢/, = 28°; 
2Vss0 = 51.5°, of a decidedly clinoeustatic-pigeonitic composition, 
but is mostly replaced by green hornblende. . 

In the stressed areas, along the dislocation zone N.E. and S8.E. of 
Noppikoski, the amphibole gradually changes into biotite, chlorite, 
epidote and a colourless mineral recalling zoisite. Closer studies of this 
lenticularly occurring mineral (cf. Fig. 15) reveal the following optic 
characteristics: 


(y — a)s50 = 0.021 2V sco = + 27° 157 
N,550 = 1.665 elongation negative. 


The minute quantities occurring in the rock make an isolation and a 
chemical determination very tedious work and could not be undertaken 
in this connection, but, calling the mineral X, the following metamorphic 
succession may be suggested: 


Hornblende 
Oe BS 
SS Cp 
fs ey 
Kpidote Biotite 
if Ne 
Chlorite N« 


This unknown mineral seems to be fairly common in other dynamically 
metamorphosed rocks too, and has probably by most petrologists been 
put down as a zoisite. The optic values, however, do not coincide with 
any normal values of zoisites given in the textbooks, the birefringence 
being too high and the refraction too low. Neither does it fit in with 
prehnite. 

As previously stated, the normal Ratan granite is of exceptionally 
uniform character over a large area, this being confirmed by the two 
analyses Nos. 64—65, executed on samples 30 miles apart, the only 
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variation being practically confined to the range of the plagioclase 
from An,,—An,;. Towards the contacts, however, there have developed 
several different types. 

Along the contact towards the greenstones, the granite grades into a 
more porphyric rock of fine-grained ground-mass. Bright red microcline 
phenocrysts and some albitic plagioclases (An,) lie within a granular 
red base, occasional albite shells being noticeable surrounding the 


Fig. 15. Zoisitic minéral surrounded by chlorite in Ratan granite. 
Magnification 60 diam. 


potassic felspar. The albite is centrally sericitised, indicating an 
originally anortoclasic composition of the kernels (cf. Pl. LX). 

Towards the eastern migmatites, the marginal phase is a gray, some- 
what porphyric, rock with white potash as well as soda-felspar pheno- 
erysts, the latter of an An,, antiperthitic composition. The hornblende 
occurs in the ground mass as evenly distributed small black prisms, 
being pseudomorphs of partially preserved augite. The base is poikilitic 
with circular quartz grains, strongly reminding one of an enlarged 
copy of the »milky-way» texture of the Dala porphyries described later 
on in these pages (cf. Pl. LIX). 

An analysis of the rock, given in No. 66, indicates the close relationship 
to the normal type, although the megascopic appearance is strikingly 
different. Some addition of soda seems to have taken place by absorption 
of migmatitic material. f 

Towards the sub-Loosian sediments at Raisberg Hill and Ov. Hamra- 
vallen, the granite is coarsly porphyric, almost changing into an »Augen- 
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Analysis Nr. 64. 
Ritan-Granite 3 miles north of Daasen Lake (Ls - 26). 


[Mars—April 1936. 


Analyst: N. Sahlbom. 
a  — —————————————————————— eee 
Mol. Mode Niggli’s Osann’s |. 
a | shi Norm 4 System System 
eS eee 
SiO, 64.13 |106.35|Q. . . 12.49} Plagioclase qz +37 |s T1 
TiO, 0.85) 106|Or . . 31.19] (Abg, Anjg) 38.5 | si 247 © aes 
JE. 0.42 0.29 | Ab . 38.53 | Microcline . . 29.8 | ti 2.55|C 2.1 
Al,0, 15.61 |) 15:31) An 9.18 | Hornblende 10.4 | al 35.5) | Eos 
Fe,0, 1.98| 1.24}Ssal . 86.39| Quartz 13.4 | fm 25.0 |a 12.5 > 
FeO 3.18 | 4.43 | pi 9.04 | Biotite eon 1220 |e 73:5 
MnO 0.07] 0.10) Hy 5.91 | Titanite, . . 2.1) alk 27.5 |f 14.0 
i MgO 1.56| 93.871] 2.34 | Magnetite 1.2| mg 0.36/n 5.3 
CaO 2.89) 5.15] Tim 1.64 | Apatite 1.0\k 0.47; k 1.12 
Na,O 3.95 6.37 | Ap . 0.98 100.0 e/fm 0.48 
ST ees ee deems ) 
isl(O eG || (ais) este H,0 0.15 
99.86 ; 
99.74 Quantitative System: II: 4: 2: 3 — Adamellose. 
Osann’s Type: No, 14, Knudsbakke (s 73, a 11.0, e 4.0, f 15.0, 
: n 4.9, k 1.38). 
H,0-15*| 0.05 Or: Ab: An ee 45.87: 12.42, 
99.79 Sp. gravity “yo C= 2.658. 
Analysis Nr. 65. 
Riatan-Granite, east of Fagelsjé (Ls-151). 
Analyst: N. Sahlbom. 
Mol. ee 
0 ae Wosas Mode Niggli’s Osann’s 
x 100 of System System | 
SiO, 63.26 105.33) Q. . . 11.35 | Plagioclase qz. +383. jis: ako 
TiO, 0.72) 0:99])Or . . 30.62] (Ab, An,,) 43.5 | si 241 |A 7.89 
P50; 0.25) 0.18) Ab . . 33.09} Microcline . . 27.8 | ti 2.06}C 3.1 
Al,0, 16.69} 16.37} An . . 13.08} Quartz 12.1 | al 37.59) Foam 
Fe,0, 1.90 119 | ¥ sal. 88.14 | Biotite 6.3 | fm 22.0 |a 13.0 
FeO 2.80) 3.90) pi . . 1,14| Hornblende 5.0 | ¢ 13.5 |e 5.0 
MnO 0.06| 0.08) Hy . . 5.34| Magnetite . . 2.8) alk 27.0 |f 12.0 
MgO 1.35) 3.35| Mt. . 9.76| Tatanite. .. 1.8|mg 0.85)n 5.39 
cae ape ee lTlm . . 1.37| Apatite 0.7 | k 0.47)k 1.12 
K,0 519) 551 AT See 100.0 /c/fm , 0.64 
H,O+ 108° 0.04 1.33 Xfem-. 11.2 
H,O . 0.24 
8 
Quantitative System: I: 4: 2: 3 — Toscanose. 
Osann’s Type: No. 42. Mt. Johnsson (s 67.5, a 14.0, ¢ 4.0, 
f 12.0, n 6.8, k 0.97). 
H,O-1| 0.19 Or: Ab: An — 389.87: 438.10: 17.03. 
99.71. Sp. gravity oh C = 2.652. 
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Fig. 1. Quartz-porphyry of the Dala Series from the island between the two 
canyons at Alvho. The black grains indicated by the arrows are also quartz. 
Nic. --. Magnif. X 8. 


bd 
Fig. 2. Quartz-porphyric gronophyre from the island between ae two 
canyons at Alvho. Orthoclase-shell surrounding albitic plagioclase. 
Corroded quartz phenocryst to the right. Nic. +. Magnif. X 40. 
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island between the two canyons at Alvho, Shell of 
ioclase surrounding Karlsbader-twin of perthitic orthoclase. 
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Fig. 1. Porphyry dyke intersecting Noppi slates at Tallsjébiicken. Patchingly 
pigmented orthoclase phenocrysts within almost hyaline base. 
Ord. light. Magnif. « 40. 


porphyry from Harsjémaki W_ of ——- 


Fig. 2. Coarse é ae of 
phenoerysts within micro-granophyrie base. Nic. 
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iorphyry from Toskisberget with skel 
-way» poikilitic texture 


eton of orthoclase crystal. Coarse 
due to close proximity to younger doleritie 
diabase. Ord, light. Magnif. x 40, 
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Fig. 1. Strongly Fe-pigmented felsitic effusive porphyry from the northern 
slope of Pilkalampinoppi. Ord. light. Magnif. X 8. 
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Fig. 2. Felsitic red porphyry SW of Hemgillsjén, SE of Tandsjo. Fluidally 


foliated groundmass with segregated streaks of quartz. 
Ord. light. Magnif. X 60. 
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Felsitic porphyry at 
therinal influence 


Korsilampi. Fine-grained 
from doleritic diabase. Ord. light. 
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Fig. 1. Felsitic viclet porphyry at Flirksjén. Fluidal texture and deoxidized 
zones around magnetite-grains (to the left). Corroded quartz-grain in the 
centre; plagioclase-phenocryst to the right. Ord. light. Magnif. x 40. 


knoppen. Coarse fluidal texture 
with streaks of quartz. Ord. light. Magnit. x 40. 


Fic, 2. Felsitic red porphyry S of Gillsjo 
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Felsitic red porphyry at Gillsié 
yry at Giallsjéknoppen. Corroded orthoel 
; 3 Gals j reais Nei, 5 2a e- Lys 
within fluidal micropoikilitic base. Ord. light. Maguit Seah 


e058. H..2.] THE LOOS-HAMRA REGION. 257 


Analysis Nr. 66. 
Ratan Granite. Marginal Type north of Loos (Ls - 766). 
| Analyst: N. Sahlbom. 
ee 


Mol. pies | 
% Prop. Worm Mode Niggli’s | Osann’s | 
x 100 | | System System 
NS 
SiO, 67.10 |111.72|Q. . . 2144] Plagioclase Z +49 js 74.5 
TiO, 0.75; 117/Or . .27.28) (Ab,, An.) 38.1 s 285 |A 6.8 
P.O; 0.16} 0O.11|Ab . . 28.33] Microcline . . 26.3 | ti 3.06} C 3.1 
Al,O, 15.34) 15.05) An . . 13.32] Quartz . 22.5} al 38.5 |F 5.8 
Fe,0, 1.35| 0.85) gal. 90.39 | Hornblende fm 20.5 |a 13.0 
FeO 2.59| 3.61 Di . . 1.08| (Pseudomorphs |e 14.5 }c¢ 6.0 
MnO 0.05; 0.07 | Hy .. 403] of augite) . 5.9/ alk 26.5 |f 11.0 
MgO 1.02] 2.53|Mi | | 2.90] Biotite ... 25 | mg 0.32)n 5.3 
"| CaO 3.11} 5.55/Tim. . 1.61| Titanite. .. 2.2/k 0.44) 1.41 
Na,O 3.87| 5.44] Ap .. 0.34] Magnetite .. 21/c/fm 0.71 
O 458) 48 lEfem. 9.06| Apatite... 04 
FOr] 091; 14i7|=fem . 9.06 ——— 
mae Oee 0.21 100.0 
99.59 | 
————eEE———E——— EE eee eee 
Quantitative System: I: 4: 2: 3 — Toscanose. 
Osann’s Type: No. 19 Huyserburger Hau (s 76, a 14, ¢ 5.5, f 10.5, 
me d:7, kK) 1252\. 
H,0-1| 0.18) Or: Ab: An Pe phiee 41.13: 19.34. 
99.71. Sp. gravity 4 C: 2.720. | 


a 


granite» of rounded, almost homogeneous microcline phenocrysts and 
occasional albitic plagioclases scattered within a granular base of 
decidedly fluidal texture, emphasized by a yellowish brown biotite. 

N. of Sandsjéberg and E. of Lillhamra, the granite assumes a coarsely 
quartz-porphyric, almost effusive habit characterized by opalizing, 
optically unhomogeneous quartz grains filled with libellas, much violet 
fluorite in the base and yellow fluorite within both types of felspar. 
On the other hand, the quartz of the somewhat poikilitic ground mass 
is almost homogeneous, and the zonal plagioclase, An,_,;, is centrally 
sericitised. Potash felspars surrounded by incomplete shells of albite 
grains may be observed occasionally. The orientation of these grains, 
however, is not parallel to the perthite within the microcline, as Poporr 
claims in the case with the Rapakivi granites (31). While titanite seems 
to be wanting, an unusual amount of big and well crystallized zircons 
is present. 

The Ratan granite surrounding the greenstone xenolithe, N.H. of 
Tandsj6, is worth mentioning. The predominating zonal plagioclase, 
Anoo_32, is crystallized in elongated tabular twins within a coarsely 
microgranitic or granophyric base, rich in microcline. An accession of 
soda from the greenstone may be presumed. 
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The most acid and, at the same time, most potassic types of Ratan 
granites are encountered between Noppikoski and Lillhamra as well as 
N.E. of Lusbo (Aman). Their plagioclase is always an acid oligoclase 
(An,¢_1s), and their mafic constituents are mainly biotite and chlorite. 
The texture is generally strongly stressed. Very little titanite but 
much fluorite is present. A chemical account of the rocks is given by 
analyses Nos. 69—70 (cf. Pl. LXIV, Fig. 1). : 

Within the great dislocation zone S. of Noppikoski occurs an inter- 
mediary type, megascopically crushed almost out of recognition but 
chemically and mineralogically still retaining some of its primary fea- 


50 al 


40 ; ea Sic 
yee 7 
pees p—-—-----9 
doles Ue | ne) fee peer ere 
sta a fe 
FS 
x aos eae 
20k a Kea 
Re ac xe 
----" O--— _. 
Oro, Se een NW SO ese a 
Oe a a DN aa eee ee ane renee O.. 
[ or pet ee 
st 
Cc 
0 L ee) ee ee ee —>Si 
50 300 350 400 450 500 
65 64 66 70 69 n 73 Anal N 


Fig. 16. Niger diagram of Ratan granites. 


tures. The analysis, No. 71, of this rock agrees nicely with the diffe- 
rentiation diagram of the Ritan granite as given in Fig. 16, some loss 
of alkalis having resulted from the dynamic metamorphism, but the 
original oligoclase composition of the felspar still remain. 

These acid types all develop nicely granophyric marginal zones to- 
wards older rocks. Reference to such an occurence has already been 
made when discussing the quartz-porphyries at Viidamiaki, and the 
same phenomenon is conspicuous N.E. of Lusbo (cf. Pl. LXI). 

All those marginal phases now described are straight-forward cases 
where the gradual merging into the normal granite may be followed 
and verified and where the chemical variations may all be explained 
either as a consequence of a chilling or of a slight contamination at the 
contact. At the contact towards the slightly gneissose gray variety 
of the Risberg granite at Svartén S.W. of Rullbo, a more complicated 
problem is encountered, however. To begin with, it is rather difficult, 
when travelling along the new road from Rullbo to Svartan, to tell 
where one granite ends and the other begins. The gneissose granite 
merges gradually over a distance of some hundred yards into a eray 
homogeneous granite, chemically elucidated by analyses Nos. 67—68, 
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Analysis Nr. 67. 


Transitory Hybride Rock at the contact of the Riatan-Granite, Svartan 


(Ls - 686). 
Analyst: N. Sahlbom. 
: Mol. 
% ees Norm a8 Niggli’s | Osann’s 
x 100 9% System System 
SiO, 73.31 | 122.05 | Q 34.06| Quartz... 32.8/qz +180 |s 79 
TiO, 0.20} 0.25|Or. . 32.26] Microcline . . 27.9] si 416 |A 88 
P.O; 0.19} 0.13] Ab 22.57 | Albite ti 1.00/C 0.9 
Al,O, 14.50) 14.23] An. 3.06| (Ab, An,). 24.4] al 48.5 |F 2.4 
Fe,0, 0.41) 0.26/C . 3.06 | Biotite Needed tm 12.5 ja 21.5 
FeO 1.81] 2.52|/Ssal . 95.01 | Muscovite . 5.9 | ¢ De CummeeeD 
MnO 0.08) 0.11) By 8.94| Titanite. .. 0.6|alk 34.0 |f 6.0 
MgO 0.23| 0.57 | wt. 0.63 | Magnetite . . 0.6|mg 0.16)n 4.3 
CaO 0.79 1.41] }Im 0.40 | Apatite 0.4|k 0.57;/k 1.46 
Na,O 2.69} 4.34] 4 0.36 e/fm 0.38 
: Pe P 100.0 
K,0 Pee 5.73. = fom 703 
H Ox 105° 86 — - 
; aca a) 
100.00 | 
Quantitative System: I: 4: 1: 3 — Liparose. 
Osann’s Type: No. 11. Big Timber Creek (s 80.5, a 20.0, c 3.5, 
‘ : f 6.5, n 4.6, k 1.68). 
H,0-2"| 0.20 Or: Ab: An wpe 38.98: 5.29. 
100.02 Sp. gravity e C: 2.650. 
Analysis Nr. 68. 
Transitory Hybrid Rock between the Rullbo and Ratan-Granite 
(Ls-s-103) Svarta Brook. 
Analyst: N. Sahlbom. 
Mol. roe 
’ Mode Niggli’s Osann’s 
‘6 Bea te 4% System System 
SiO, 74.17 | 123.49|Q.. . 37.72) Quartz 38.0} qz +208 s 80.5 
TiO, 0.15} 0.19|Or ...30.61| Microcline ... 27.0| si 442 |A 7.0 
P05 0.35] 0.25|Ab . . 20.47 | Plagioclase ti 0.72)C 1.5 
Al,O, 13.28 | 13.03 | An 3.61} (Ab,, An,,) 23,5} al 46.5 |F 2.3 
Fe,0, 65) O41) C5. 2.84 Biotite, Musco- fm 12.0}a 19.5 
FeO Le) 281415 sal 04.70) oo vites..¢ -- 10:tye 8.0 /e 4.0 
MnO 0.04} 0.06 | Hy 2.40 | Apatite 1.0 | alk 33.5) (6.5 
MgO 0.16) 0.40) ap, 0.91 | Titanite. . . 0.4| mg 0.12)/n 4.1 
CaO 1.26} 2.25 | Mt 0.94 100.0 |X 0.59|k 1.70 
Na0 | 245/892 /Tim | | 0.29. le/tm 0.68 
K,0 5.18 50/5 
Orr | 04} 3.00} 254 
i Omer 2-68 
oneal Lal ell ee 
99.75 | Quantitative System: I: 3: 1: 3 — gene: as ane 
’g Type: No. 11. Big Timber Creek (s 80.5, a 2U, € 9. 
wera pe a “£6.5, 04.9, k 1.68). 
H,O-10°° 0.20 Or: Ab: An — 55.97: 35.48: 6.69. 


Sp. gravity oe C: 2.634, 
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Analysis Nr. 69. 


Red acid Ratan Granite of Point 497.1 by road from Hamra 
to Noppikoski (Ls- 602). 
Analyst: N. Sahlbom. 


Mol. Mode | Niggli’s Osann’s 
us ae Noe 4, System System 
LE ——S———— 
SiO, 73.92 |123.08/Q. . . 36.28 | Quartz ... 83.1}/qz +2075 |s 81.5 
TiO, 0.31| 0.49|Or . . 30.05) Microcline . . 29.3 | si 443.5 |A 6.4 
BO; 0.08; 0.06; Ab . . 22.02 | Plagioclase ti 1.80}C 1.2 
Al,O, tis2'| 11:60| An . . 5.56’) (Ab,, Amj,)= 2c-2 al 41.5 |\F 324 
Fe,0, 1.52| 0.95|¥gal .93.91| Chlorite. .. 7.3|fm 15.5) a) GEG 
FeO 1.22 E70) ee Or Ores ie 2 Ee OG 9:04) ¢> 835 
MnO 0.03) 0.04; Hy . . 0.75 | Apatite . . . 0.2] alk 34.0,|f- 9.0 
MgO 0.27; O.67)/Mti .. 2.24 100.0 | 28 O.17)n 4.4 
CaO AAO 2550 itimeeees OLe7N Tok 0.56|k 1.84 
nay be a |Ap .. 0.24| c/fm 0.58 
2 ° ~,|ufem . 4.36) 
HOt} 1.36) 7.55/O | 136 
99.63 
Quantitative System: I: 3: 2: 3 — Tehamose. 
Osann’s Type: No. 12. Alby (s 79, a 17.5, ¢ 3.5, f 9, n 44, 
k 1.62). 
H,0 —108° 0.15 Or: Ab: an ae ee 9.65. 
99.77 Sp. gravity 4e C: 2.659. 


Analysis Nr. 70. 
Red acid Ratan Granite at main road N. W. of Raberg, north of 
Noppikoski (Ls - 779). 
Analyst: N. Sahlbom. 


j | 
P ae Sig ae Mode Niggli’s | Osann’s 
x 100 | 2% system system 
Si, 73.44 | 122.28] Q . . 33.21] Quartz . . . 32.5)qz +175.5 |s 80.5 
TiO, 0.27) 0.42) Or . . 29.47| Plagioclase si 407.5 |A 6.5 
IDO), ne -- Ab . . 24.18) (Ab,, An,,) 29.3) ti 1.38 | Cowes 
Al,0, 12.50| 12.26] An . . 6.09) Microcline. . 27.9) al 410 |F 3.6 
Fe,0, 1.12) 0.70| C. ... 0.20) Biotite, horn- fm 19.0 ja “dio 
FeO 2.22| 3.09] } sal. 93.10  Dblende and c 7.0 | Ge ads 
MnO 0.05 0.07) Hy . . 3.86| chlorite. . 8.1] alk 33.0|/f 9.5 
MgO 0.43 1.07 Mt 161) Oresieey. sce -uemee oS 0.19)/n 4.6 
CaO 1.21 218 ben ta 0.55 aa ATR ie 0.54|/k 1.75 
Na,O 2.86| 4.61) 5 100.0 /fm 0.40 
K re) 4 97 9 x fem 6.02 s 
A 397 5.28 H.O 
H,0 +25 0.68} 3.78) H20_. 0.68 
99.80 
Quantitative System: I: 4: 2: 3 — Toscanose. 
H,0-2°)| 0.15 Osann’s Type: No. 12. Alby (s 79, a 17.5, c 3.5,£9, n 4.4, k 1.62), 


Or: Ab: An me 49.89: 40.48: 10.18. 


90 4 
| 99 Sp. gravity - C : 2.622. 
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Analysis Nr. 71. 
Ratan Granite at Tenningin north of Oberget Hill, east of Emadalen 
Station (Ls-s - 10). 
Analyst: R. Blix. 


SS eee 
Mol. 


% Prop. Wo tm Mode Niggli’s | Osann’s 
x 100 % system system 
Sid, 71.66 | 119.31] Q . . 33.46) Microcline. . 42.5! qz +171 se 90 
TiO, 0.39} 0.49) Or . . 41.17] Plagioclase si 387 A 6.6 
P,0; 0.06} 0.04) Ab ; 6.37) * (Ab, Ang) 11-6) ti 1.62;C 1.9 
Al,0, 13.05| 12.80) An. . 6.94) Quartz . . . 30.0/al AOE | Re 4a 
Fe,0, 0.65} O41) C. . . 1.82) Hornblende . 13.8/ fm 20.5 |a 15.5 
FeO 3.31) 4:61) Saal. Oloe| Ores. . . 1.0/\c 9.0 |e 4.5 
_| MnO 0.08) O11) Hy. 5.g2| Titanite. .. 1.0/alk 29.0 |f 10.0 
MgO 0.32) 0.79] Ap . 0.23; Apatite. . . 0.2) mg OS) nie ees 
CaO 1.56} 2.78) wi. 0.94! ~~ 400.01 ¥ 0.82/k 1.66 
Na,O OS e Lot Tin, | 0.75\ “\e/fm 0.44 
K,0 O°9G)|er7.89 | ? a 
HOF) 0.75|- 416] “t= 644 
: H,0O 0.75 
99.75 
Quantitative System: I: 4: 2: 2 — Dellenose. 
H,O-1| 010/ Osann’s Type: No corresponding Type. 
SS re Or: Ab: An — 75.02: 14.82: 10.16. 
| paSe Sp. gravity oe C = 2.644. 
Analysis Nr. 72. 
Acid red Ratan Granite from Myggsjo. 
Analysts: H. von Eckermann and G. Haglund. 
Mol. Mode Niceli’ 0 ‘ 
ggli’s sann’s 
% Prop. Norm : 
x 100 % system system 
Sid, 74.39 | 123.86 | Q 35.02) Microcline 41.1) qz +206 s 82.0 
IO: 0.20} 0.25) Or 38.37} Quartz 36.6 | si 460 A 6.9 
PO; 0.05| 0.04) Ab 18.37) Plagioclase ti 0.93;C 0.6 
Al,0, 11.66| 11.44] An 2.79|  (ADgo Anjo) 19.0) al 42.5 |F 3.0 
Fe,0, 1.52} 0.95) Sgal . 94.55) Chlorite, horn- fm 12.5 j}a 20.0 
FeO 0.68) 0.95] Di . 1.34|  blende, augite 1.9|¢ O:5) je eb 
MnO 0.03} 0.04) mt. 1.54| Ores 5 INE e etek (Ne eis 
MgO 0.20} 0.50] Jim. 0.40| Pigmentation 0.3) mg O17)/n 3.4 
CaO 0.98 1.75 Hm . 0.46 100.0 k 0.66 k 1.80 
Na,O 2.19| 3.53) span 3.74 c/fm 0.52 
K,0 6.47| 687/56 ° 149 
HOF) 1.42) 7.88.)-2?" ——_ 
99.71 
a eee ee ee 
Quantitative System: I: 4: 2: 2 — Dellenose. 
= 105° Osann’s Type: No. 5. Elk Peak (s 81, a 20.5, ¢ 2, £7.5,n 5.0, k 1.69). 
Saal ume Or: Ab: An — 64.46: 30.86: 4.68. 
| eee Sp. gravity oY C = 2.642. 
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Actually, these analyses are almost identical with analysis No. 45 
(cf. p. 222) already given of the gray Rullbo granite, the main 
difference being a somewhat lower percentage of muscovite in the 
mode (cf. Pl. LXII, Fig. inp 

There is a temptation to explain the gray Rullbo granite as being 
throughout a gneissose marginal phase of the Ratan granite, but frag- 
ments of the gneissose gray granite, observed at Svartan brook included 
with the homogeneous gray granite, exclude this possibility. Micro- 
scopically, the megascopically homogeneous granite is strongly proto- 
clastic, exhibiting bent felspars and strongly undulous extinction of the 
quartz. It may, consequently, be considered as either a thermally 
metamorphosed Rullbo granite or as a highly contaminated Ratan 
granite. In both cases, the hybrid rock was generated both by the 
re-fusion, under strong hydrostatic pressure, of the Rullbo granite as 
well as by an intimate exchange of material between the two granites. 
Towards the N.W., it gradually merges into the true Ratan granite, no 
magmatic joint being observable in the well-exposed outcrops. 

The remelting power of the Riitan granite is in this case rather 
strange, considering the slight influence of the same granite at all other 
observed contacts. No unusual concentration of volatiles or generation 
of pegmatites at the Svartabicken contact has been observed. A pos- 
sible explanation of this unusual behaviour may be given, however, 
if attention be paid to an earlier theory advanced by the present author 
when discussing the granites along the Baltic coast of southern Norr- 
land. He showed the probability of a maximum degree of anatexis 
being attained when the regenerated or contaminated magma fitted 
into the natural differentiation scheme of the intruding magma. In 
order to test his suggestion, two analyses Nos. 69 and 70, were executed 
on samples of the hybrid rock. Even if these analyses do not show 
complete agreement with the Niaeri diagram of the Ratan granites 
as given in Fig. 15, they approach it fairly closely, however. 

Finally, a few words may be said respecting the aplitic dykes cutting 
the granite and constituting its most acid differentiates. The E. slope 
of Tvattkdlen ridge N.E. of Rullbo, for instance, is brecciated by such 
dykes, which were already observed by SvepMaRK and assumed by 
him to be associated with the Sandsjé Rapakivi, this latter granite, 
consequently, being mapped by him as a younger rock. His conclusions 
in this respect have been verified by the present survey, although they 
have been shown to be based on wrong premises. The mode of the 
appended analysis, No. 73, and the texture of the rock itself clearly 
indicate consanguinity with the Ratan granite. All the potash felspar 
occurs as microcline and the quartz displays more or less optic strain, 
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Analysis Nr. 78. 
Aplite cutting Ratan Granite south of. Biacknistjirn, north of Tandsjo. 
(Ls - 508). 
Analyst: N. Sahlbom. 


Mol. 
% Prop. ee Mode | Niggli’s Osann’s 

x 100 of | system system 
SiO, 76.92 | 128.07| Q . . 35.02) Albite qz +215 s 83 
TiO, 0.04; 0.05| Or . . 26.70] (Ab, An). 36.4/si 489 |A 7.7 
BO, 0.00; — Abie os08)) Quartz, ees) 0.4 tL OO GamnO.s 
Al,O, 12.58| 12.84) An. . 2.47| Microcline. . 26.6| al AGG BL 
Fe,0, 0.82] 0.51| C.. . 0.10) Chlorite, Bio- ifm 5.5 |a 25.0 
| FeO ie 29) teanemoga yl otiter We. cL C Spy ee alii 
MnO ie — |Hy.. 0.19] Magnetite. . O7lalk 4385 |f 3.5 
MgO 0.07] -0.17| wi =. 0.47] Titanite. ... OQ.) meg Q0.14{m .,5.5 
CaO 0.48| 0.86| Hm. | 0.49! rT ts 0.44/k 1,73 
Na,O 4.02} 6.48| Tim. 0.11 Fem (0.60 
K,0 4.51)" 4£:791-55 5 og 
meg) O15) 067) 

z H,0 0.12 
99.7 5| 

Quantitative System: I: 4: 1: 3 — Liparose. 

| H.0o-5| 0.91 Osann’s Type: No. 4 Milford (s 82.5, a 24, c 2, f 4, n 5.4, k 1.74). 
ee Ore A py Ag —— 4291353, 8250.97. 
| 99.98 Sp. gravity my C = 2.608. 


the texture generally being somewhat quartz-porphyric and grano- 
phyric. The plagioclase is a basic albite (An;_.), and the mafic minerals 
are limited to some biotite and muscovite. The aplitic dykes, conse- 
quently, do not, as previously assumed, belong to the dynamically 
totally unaffected Sandsjé granite (cf. Pl. LXII, Fig. 2, LXITM). 

Returning to the question of the age of the Ratan granite, the author 
ventures to consider the concurring data dealt with above as firmly 
establishing the pre-Rapakivi age of the Ratan granite. The intrusion 
of this granite must have preceded the extrusion of the earlier Jotnian 
Dala porphyries by a very large margin of time, this being shown, 
not only by the removal of large blocks of Noppi-sediments, folded at 
the time of the intrusion, but also by the erosion, having reached the 
intrusion level of the granite. Dynamically, the continued orogenesis 
has affected the granite itself, even within the deepest and most sheltered 
part of its large nothern area, before the beginning of the Jotnian epoch. 
The connection between the aplitic dykes of the granite and the pre- 
Jotnian Noppi porphyries is also clearly evident; texturally, some of 
the aplites are strikingly porphyric, and their granophyric base is an 
enlarged copy of the micro-poikilitic ground mass of the porphyries. 
Chemically, the consanguinity is perfect. 
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On the other hand, a megascopical as well as chemical likeness between 
the Ratan and the Jotnian Rapakivi granites is unquestionable, making 
the earlier correlation of the two quite understandable. Even if the 
field evidences and the difference in dynamic metamorphism have 
definitely ruled out such a correlation, the author nevertheless ventures — 
to suggest a very deep-seated magmatic connection between the two 
rocks, notwithstanding the long epoch separating their respective 
intrusions at higher levels of the earth crust and the extrusion of their 
lavas. 

Both granites are characterized by their lack of accompanying peg- 
matites. Both are conspicuous by their titanium and fluorine content. 
Both develop in their acid differentiates plagioclase shells around 
orthoclase-phenocrysts, and granophyric or poikilitic textures. They 
do not follow strictly the same line of differentiation, but the trend of 
their Niaei-diagrams is the same. 

Their occurence within the same geographical regions is certainly 
not a coincidence but suggests some kind of magmatic relationship, 
even if it be one many times removed. 

The writer’s suggestion really involves a theory that this magmatic 
province was maintained through long epochs separated by at least 
one extensive epoch of mountain folding and erosion 


The Dala Series. 
The Basal Conglomerate. 


The unconformity on top of the Noppi-series is very evident, thanks 
to the coarse conglomerate dipping westwards below the Dala porphyries 
along the road from Noppikoski to Alvho. The same conglomerate 
is found topping the graywackes at Gaddsjéberget, S. of Alvho, and 
also the slates and quartzites, occurring respectively S.E. of Lekatt- 
kdlen and N.W. and W. of Gratbiick station. It also occurs at Tallsj6- 
backen (cf. Pl. LVI, Fig. 1) and is left as a narrow strip along the W. 
dislocation zone of the raised area 8. of Alvho. It also underbeds the 
Dala series at Lustjarnsberget and occupies most of Middagsberget 
(cf. Pl. LVII). The pebbles are sometimes as big as boulders, but 
generally they average 5—10 cm. in diameter. On inspecting 400 
pebbles of the conglomerate N.E. of Noppikoski, the following per- 
centages of various rocks were found: 

60 % quartzite (top of Noppi-series). 

18 % quartz-porphyry and tufts. 

16 % older quartzites. 

6 % old granite and gneiss granites. 
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Fig. 1. Fluxion-texture within felsitie porphyry-pebble from the conglome- 


rate at Béssfallet. Ord. light. Magnif. x 8. 


Fig. 2. Brownish-black porphyry with corroded orthoclase crystal. Small 
streaks of quartz-grains in the base. Ord. light. Magnif. x 40. 
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Dalaquartz-Porphyry at Ormy 


Pin DXXVee 


asslan. Ord. light. Magnif. x 10. 
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Fic. 2. Red. felsitic porphyrite from Granvasslan. Ord. light. M 
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Fig. 1. Effusive violet diabasic porphyrite from Korrisberget. To the left 


ight gray) manganese- 


a vesicle filled with calcite and quartz. Yo the right (1 
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Fig. 2. Augite-phenocrysts within 
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Effusive porphyrite NW of Emadalen. 
zonite (cfr. Pl. LXXXI). Ord. light. Magnif. X 8. 
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The immediately underlying quartzite is very easy to recognize 
among the pebbles, thanks not only to its clastic texture but also to 
the characteristic presence of pyrite. Up to 50 % of the quartz-porphyry 


is of effusive types. Ryolitic, almost vitrous rocks filled with ash-frag- 
~ ments as well as ash tuffs are found frequently. It is of interest to note 


'»® 


‘that these rocks do not remain in solid outcrops anywhere within 


the area but must be supposed to be derived from the surface part of 
the volcanic ground eroded away during post-Noppi and pre-Dala 
porphyry times. One small granite pebble may have been an acid Ratan 
type, but it did not, however, contain any of the typical micro-granitic 
textures. 


The conglomerate weathers easily at Noppikoski, while at Lusbo it 
seems to be more crystalline, having had to bear the enormous weight 
of the Dala-series in full. Its quartz-pebbles generally also exhibit 
more signs of optic strain than is the normal case in pebbles of the N oppi- 
series. Pebbles of older rock, of course, will, in both cases, retain their 
original optical unhomogenity. The pebbles are always very nicely 
rounded, angular fragments being scarce (cf. Pl. LVII). 


Similar pebbles occur within the basal parts of the Dala porphyry 
flows too. For instance, several have been knocked out of the porphyry 
between Vassj64n and Alvho and in each case proved to be a sandstone 
quartzite of the upper Noppi-type. A single sample proved to be a 
quartzite unusually rich in potash-felspar, to which no counterpart has 
been found either with the Noppi-series or the Loos-series. Even if 
fully recrystallized in consequence of the heat of the enclosed porphyry, 
it showed very primary clastic features and may have been derived 
from some remote sedimentation phase of the Noppi-series. 

At one locality, exposed at unusually low water in the Ore river, 
many pebbles were found together trapped within the porphyry. This 
may show that the conglomerate had not attained any greater measure 
of stability at the time of the extrusion of the Dala lavas, and that 
loose pebbles of the country rocks, which later formed the conglo- 


-merate, were picked up by the flows. 


The unconformity is also evidenced by the Dala porphyries brecciating 


the Noppi-quartz porphyries at Tallsjon, as well as by the ash-sedi- 


ments of the lower Dala-series containing badly weathered big angular 
fragments of the quartz porphyries (PI. XCVII, Fig. 1). A big boulder 
of red Dala-porphyry enclosing a multitude of fragments of the 
Noppiquartzites has been photographed in the appended picture, 
PL XCVIII, Fig. 1, 


266 HARRY VON ECKERMANN. [Mars—April 1936. 


The Extrusives. 


Loosrrém, in his paper on the sub-strata of the Dala porphyries, 
assumes the red porphyrite of Tunturiberget N. of Amadalen to overlie 
the Noppi porphyry to the N.E., believing the lower topographical level 
of the latter to coincide with the stratigraphic level. Starting from this 
belief, he suggested an ascending succession with red porphyrite at 
the bottom succeeded by increasingly acid lavas and ending with red 
porphyries. 

No contacts were found by him, and the present author, too, has 
looked in vain for any at Tunturiberget. Nevertheless, the writer feels 
confident that there is no tectonically undisturbed overlying of the 
quartz-porphyries by the porphyrites at that place. The tectonic 
picture of the whole region, as well as the strong dislocation zone sepa- 
rating the porphyrites from the Viidamaki and Millberget quartz- 
porphyries, suggests a considerable downfaulting of the former rocks. 
The only locality within the whole region where the magmatic contact 
of Dala porphyry and older rocks is observable, is E. of Tandsj6 and E. 
of the big N.—S. fault. The »contamination» of the porphyry E. of Alvho 
by pre-Jotnian pebbles may be taken as being a »near contact», and 
the porphyry dyke cutting the Noppi-slates at Tallsjé-biaicken may 
suggest the composition of the earlier porphyry extrusions. 

All this evidence combines to show that the earliest eruption of the 
Dala porphyries has been an acid or syenitic one and not a porphyritic. 
It would be outside the scope of this memoir to give a complete 
description of all the different lava flows, and the chronology of 
their extrusions. This would not even be possible without additional 
comparative research extended westwards within the large Dalecarlia 
porphyry area. 

Very little has been published earlier on the chemistry and mineralogy 
of these rocks. NoRDENSKJOLD, in 1893, gave a short description (26) 
of some basic members of the series from Alvdalen, Orsa and Mora, 
taken at random, so to say, and WersuLt, in 1897, also dealt with 
porphyritic types of diabases occurring as dykes at the Silfberg mines 
in S. Dalecarlia, outside the porphyry area proper (38). The only 
analyses published are two from Silfberg and four appended to the 
description of the geological map of Sweden, published in 1901 by the 
Geological Survey. These latter embrace one red porphyrite, sampled 
some miles 8. of Helvetesfallet, and three felsitic porphyries, from 
Bredvad, Blyberg and Klittberg to the S.W. of the Hamra region. 
Only a brief note on their general mineral composition was given. 
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At present, the writer aims merely at giving a general survey of the 
most important features of the magmatic evolution, ‘presenting for the 
_ first time a bird-eye view, so to say, of the chemical, mineralogical and 
metamorphic characteristics of this interesting group of rocks, an exposal 
which, later on, may be used as a basis for detailed studies. A selection 
_ of typical micro-photographs is also given. 

When discussing the tectonics, reference has already been made to 
the porphyries occurring, with few exceptions, as lava flows, one above 
the other. Within each flow, the basal portion may be »chilled», but, 
generally, there is a diminishing size of grain from the bottom towards 
the top. Exceptions from the flow emplacement of the rocks are en- 
countered where younger lavas on their extrusion have broken through 
the older beds. Such injections may be studied at Tandsjé and Alvho 
for instance. 

The general succession of chemical changes within the flows is really 
not so simple as that proposed by Loostrém. There is a grading from 
intermediary to acid rocks within the lower Dala-series, and from 
strongly basic to acid within the upper series. Expressed in Niaer1’s 
»qz-values, the former varies from + 10 to + 268, while the latter 
starts at about — 22 and ends somewhere near + 250. Reference has 
already been made to the separation of the two series by an inter- 
Jotnian erosion level, but this unconformity will here only be regarded 
as an interlude of no importance to the magmatic story, which will 
be treated of as a whole. The inter-Jotnian sedimentation, although 
older than the younger series, will be discussed separately in the fol- 
lowing chapter. 


The Porphyries. 


The chemical composition of the earliest intrusions is given by ana- 
lyses Nos. 82 and 83, from Sillakorvamaki and Ornberget respectively, 
the latter being the most basic representative of the older series. Both 
are clearly syenitic. The texture of these reddish rocks is coarsely 
porphyric, large phenocrysts (2—8 mm.) of tabular felspars lying within 
a granophyric base of felspar, some quartz and pigeonitic augite (and 
its metamorphic alteration products: serpentine, amphibole, chlorite 
and epidote). Titano-magnetite ores, titanite, fluorite and apatite 
are present as accessories in amounts, varying between 2 and 5 %. 
The potash felspar is perthitic, mostly strongly pigmented by iron 
oxide, but sometimes, too, quite clear. The latter type of the mineral 
is mostly microcline, while some of the pigmented phenocrysts may be 
orthoclase. The two types represent two different generations. 
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The average plagioclase ranges from oligoclase, An, at Ornberget, 
to albitic oligoclase Any, at Sillakorvamaki, the phenocrysts generally 
being some 3—4 % richer than the composition of the plagioclase of 
the base. The felspar is sparsely twinned and generally not pigmented 
by iron-oxide. It is seldom fresh, however, generally being sericitized 
and occasionally containing irregular patches of fluorite. This latter 
mineral now and then also replaces the strings of albite within the potash 
felspar. The plagioclase is of two generations, one older, sometimes 
surrounded by potash felspar and sometimes occurring independently 
as strongly corroded antiperthitic crystals, and a younger one of nicely 
idiomorphic habit. 

The pyroxene is a slightly pleochroic whitish-green pigeonitic augite 
of the following optic characteristics: 


ly = Ph 2V 550 — 45° Om y es 34°; DV cea = 48° 30’ 


It is transformed into strongly pleochroic green chlorite and some 
epidote at Ornberget, while at Sillakorvamiki a green serpentine is 
the common alteration product. As epidote is wanting in the last 
case, the augite in question may, consequently, be very poor in lime. 

The ground mass of the Ornberget porphyry is a fine-grained poikilitic 
one, still retaining nice primary flow-structures, while at Sillakorvamaki 
it is of a coarser, characteristic, angular grain which the writer proposes 
to call »micro-rapakiviy texture. The small idiomorphic orthoclase cry- 
stals, constituting the bulk of the base, are shaped like short rectangular 
tables, between which the quartz occupies only the interstices. Real 
micro-pegmatitic textures occur only occasionally. Whenever they do, 
the orthoclase occurs in two generations, only the older one being 
perthitic. The titanite of the ground mass is an alteration product 
of the ores. 

As another exponent of the earlier porphyry extrusions there may 
be taken the 3—4 m. wide dyke cutting the Noppi slates at Tallsjé- 
bicken, N. of Noppikoski (Analyses No. 81). Megascopically, it is a 
very beautiful rock with 2—5 mm. large, brick-red, tabular phenocrysts 
of potash felspar, and a few white plagioclase; within a very sparse, 
dark-red felsitic base. Some of the phenocrysts consist of red shells of 
pigmented, slightly perthitic, orthoclase, surrounding almost white or 
slightly pink albitic oligoclase (An, ). Accessories are: pigeonitic 
augite, mostly altered into chlorite and pistazite, titaniferous ores and 
some leucoxene. The red micropoikilitic ground mass is dotted by 
lighter nebulous patches, richer in quartz (cf. Pl. LXVII, Fig. 1). 

The rock has almost the appearance of a concentrate of felspar crystals 
extruded from the bottom of a magma-chamber where felspars have 
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accumulated by differentiation. Very rich in phenocrysts, although 
of smaller and uneven size, is, too, the porphyry of the Knoppen and 
Pilkalampinoppi Hills. An analysis of the former is given as No. 79. 
The mineralogical composition, as well as the texture, is very similar 
to that of the above-mentioned dyke rock, but the ground mass is more 
in evidence and the pyroxene more abundant and quite fresh. These 
mineralogical divergencies, however, do not constitute any great diffe- 
rence in the chemical composition, as may be noticed by comparing 
the two analyses (cf. Pl. XLVII, Fig. 2). 


At Alvho, a small island in the Ore ilv between two diabase dykes 
(cf. p. 270, Fig. 17) consists of a somewhat more acid porphyry of a 
rather coarse granophyric base. This porphyry is, perhaps, not a flow 
but a feeding dyke to lava extrusions at higher level. It grades in places 
almost into a porphyric Rapakivi granite. Its analysis is given as No. 
78. The phenocrysts are large, occasionally as much as 10 mm., and 
are slightly perthitic pigmented orthoclase or microcline and clear albite. 
The albite occurs in two generations, partly as inclusions within the 
potash felspar, and partly as later crystals or rims around the former 
— a true Rapakivi feature. The perthite-inclusions of the microcline 
are largely replaced by fluorite, while no fluorite is found within the 
albite crystals (cf. Pl. LXVI). 


The base is coarsely granophyric, and the porphyry seems to repre- 
sent a border case of the Rapakivi granite. It is, however, no doubt 
the hypabyssic, and not the abyssic, exponent of the magma. This 
is emphasized by several textural features, the most striking being the 
presence of large idiomorphic, somewhat corroded, quartz phenocrysts 
surrounded by zones, rich in quartz, which constitute enlarged copies of 
the acicular auroles of the quartz porphyries (cf. Pl. LXV). These auroles 
also occur around the potash felspars and may be taken as a typical 
hypabyssic feature incompatible with the normal Rapakivi texture. The 
same granophyre farther W. at Vassinkoski, about 2 km. W. of Alvho, 
also carries inclusions of earlier, quite recognisable, tuffitic surface 
rocks of the Dala series, which may be supposed to be derived from 
' tuffitic beds between consecutive flows, cut by the feeding dyke. 

Of a true porphyric habit is the violet, felsitic yhornstone»-porphyry 
occupying the N. island at Alvho as well as the N. shore of the Ore 
Alv. White albite-oligoclase (Anjo), pink microcline phenocrysts and 
corrodated quartz crystals lie in a patchy poikilitic base together with 
a few chlorite-epidote-pseudomorphs of pyroxene. The same con- 
centration of granophyric quartz in the groundmass around the pheno- 
crysts is conspicuous in this instance, too. 
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The violet porphyry is not specially marked on the large map of 
this memoir but is entered in a special map (Fig. 17). It seems to occupy 
the same position as the granophyre, being probably a feeding dyke to 
flows at a higher level, representing one of the late acid members of 
the younger Dala-porphyry-series. A petrologically quite similar violet 
lava flow caps the younger series N.W. of Tandsj6 at the small hill of 
Silverknoppen. Two comparative analyses have been made of the two 
rocks, Nos. 77 and 76. There is practically no chemical nor mineralogical 
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Fig. 17. Sketch map of the Ore Aly district at Alvho. 
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difference between the two rocks, only some phengitic mica being pre- 
sent in the latter one. Texturally, the Silverknoppen porphyry dis- 
plays, however, a most beautiful flow structure, clearly indicating its 
more extrusive character. There seems to be no doubt of the two rocks 
being genetically connected and contemporaneous. The spotty appea- 
rance of the base of these two rocks at crossed nicols, giving the im- 
pression of a panther skin, is due to small sponges of albite intergrown 
by quartz and only resolvable at a very strong magnification, 

To the younger series also belongs the light-red porphyry around 
Gallsj6n, S.W. of Tandsjé, and at Lusbo (Aman). This rock has a very 
characteristic habit, a few brick-red phenocrysts lying scattered in a 
not quite felsitic pink base. While, within the porphyries, most of the 
plagioclase generally occur as phenocrysts, a large percentage in this 
case remains in the base. An analysis from Lusbo is given as No. 75. 
The orthoclase crystals are strongly pigmented, and the albite plagio- 
clase (An,) is slightly sericitized. Somewhat corroded quartz phenocrysts 
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Analysis Nr. 74. 


Analyst: N. Sahlbom. 
eee 


Felsitic Porphyry, Ornberget Hill (Ls - 535). 


271 


Mol. 
% Rie Nera Mode Niggli’s | Osann’s 
x 100 9% System System 
SiO, 75.56 | 125.81|}Q. . . 39°04] Quartz . 388) qz +238 /|s 81.5 
TiO, 0.23 0.29|Or . . 36.75] Orthoclase . . 33.6] si S90 SEAS a Sal 
PLO; tr. —|Ab . . 16.77 | Plagioclase ti 1.17) C 0.4 
Al,0, 13.38 | 13,13] An 1.94] (Ab,,An,) . 18.7/ al 510|/F 18 
Fe,0, 0'89| O.56/C.. 2.65 | Chlorite, Mus- fm 8.0 |a 25.0 
FeO 0.24} 0.33|Seal.9715| covite... 7Z6le 3.0 |e 1.0 
MnO 0.02} 0.03) Hy 0.58 | Ores and pig- alk 38.0 |f 4.0 
MgO 0.22) 0.55| Hm 0.89| mentation . 1.3/mg 0.30/n 3.8 
CaO 0.38} 0.68 | im 0.47 | 100.0 | ¥ 0.67|k 1.61 
Na,O 1.98} 3.19 DF 1.94 bacy Em 0.35 
K,0 6.23| 661/56. | 0.59| 
BO =) 20:49) + 3.27) 2- —~ S" 
99.68 
Quantitative System: I: 3: 1: 2 — Magdeburgose. 
Osann’s Type: No. 6. Round Mt. (s 82, a 25.5, c 1.5, f 3.0, n 3.9, 
k 1.67). 
H Q—105° 0 17 Or: Ab: An — 66.26: 30.24: 3.50. 
2 - sie, PAU 
99.89 Sp. gravity “go C: 2.621. 
Analysis Nr. 75. 
Light-red Porphyry 1 km. south of Lusbo, Aman (Ls- s- 48). 
Analyst: N. Sahlbom. 
Mol. <a 
Mode Niggli’s Osann’s 
% Prop. Norm 2 
x 100 4, System System 
sio, 75.22 | 125.24 | Q 33.52 | Orthoclase . . 36.8/qz 4187 |s 82.2 
TiO, 0.42} 0.53| Or 35.65 | Plagioclase si 463 |A 7.8 
POz ee —|Ab.. 24.12] (Ab,,An,) 28.0 | ti 1.85}C 0.5 
Al,0, 12.16} 11.98) An 2.51 | Quartz 33.5 | al 440 |F 2.2 
Fe,0, 0.67| 0.42|Sgal . 95.80 | Diopside-augite 1.1 | fm 6.5 |}a 22.0 
FeO 0:55|— 0.77/ pi . Odaeeitaniter |. 00.00 Sis Cua. D 
MnO 0.02] 0.03] wo 1.39| Fe(OH), .°. . 0.4] alk ae ie Be 
MgO 0.06} 0.15 | met. 0.60 mg .85| 1 5 
Cad 1.28 228\tm ° O17 100.01 0.59/k 1.78 
Na,O 2.85] 4.60 | 11m 0.77 e/fm 1.28 
K,0 6.07.| 64h ——=5 97 
H,O+ 0.96| 5.88) H 9 ae 
100.10 
wa eset JE IE EE eee 
| Quantitative System: I: 4: 1: 3 — Grorudose. 
Osann’s Type: No. 7. Mono Lake (s oh a 28, ¢ 1.5, f 5.5, n 5.6, 
k 1.64). 
: Ab: — 57.15: 38.66: 4.19. 
H,0- 0.10 Or: Ab: ah Sa i 38.66 
100.36 Sp. gravity ‘4 C: 2.608. 
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Analysis Nr. 76. 


Violet Porphyry from Silverknoppen Hill, west of Lake Tandsjon (Ls - 636). 
Analyst: N. Sahlbom. 


Mol. Mode | Niggli’s | Osann’s 
7 ae Noo 4, System System 
x 
—— ee 
3.46 | Z 81 
SiO 74.15 | 123.46/Q . . 28.88| Orthoclase » qz +154 |s | 
TiO, 0.15| 0.19) Or. . 35.03} (Mierocline) 53.8 | si 424 |A 8.2 
P,0, tr. | Ab. 2 26.84) Albite. c-... 0820) 0.69} 0.0 
Al,O3 12.06| 11.83] Seal. 92.75| Quartz .. . 27.5) al 40.5 |F 6.5 | 
Fe,0 2.83| 1.46 | 3 Epidote, chlo- fm 12.0 |a 23.5 
eU3 Aci .20 : ; 
FeO 0.22 0:30) pi - ; - 062 rite and seri- c HO emnOLO 
MnO 0105!) - 0.07 | Wo 9. has} > ile 4.8 | alk 42.5 |f 6.5 
MgO 0.10; 0.25|/mMte.. 0.44| Ores and pig- mg 0.09) n 5.0 
CaO 0.82| 1.46/Hm . 0.93| mentation. 1.8)k 0.51;k 1.57 
aay ak a Ilm . 0.29 100.0 c/fm 0.48 
2 ° os 5, | ufem-. 6.86 
H,0 +) 0.58] 3.20/56". O58 
100.19 
a lS a a It 
Quantitative System: I: 4: 1: 3 — Liparose. 
Osann’s Type: No. 2. Poisano Mt. (s 80.5, a 23.0, c 0.0, f 7.0, 
n 5.8, k 1.56). 
H.0-1| 0.08 | Or: Ab: An — 54,85: 45.15: 0.00. 
= prs Sp. gravit. 20 C: 2.6538. 
100.27 | *P ee: 


Analysis Nr. 77. 
Violet felsitic Porphyry on »North Flottén»-Island in Ore Alv, south of 
Alvho Station (Ls - v - 413). 
Analyst: N. Sahlbom. 


0 oo is can Mode Niggli’s Osann’s 
. 100 2% System System 
sio, 73.91 | 123.06 | Q .-.-. 81.88 | Quartz .: : 32.1)qz +1805 )s 8&1 
TiO, 0.30) 0.88]Or . . 28.92] Plagioclase si 434.5 | A 7.5 
P,0, 0.00 —|Ab . .30.89] (Ab,An,,) . 34.4/ ti 14ijC 12 
Al,0, 13.42| 18.17|An . . 4.78] Orthoclase al 46.5 |F 1.7 
Fe,0, L000) BOLGSiC em bn (Microcline) 29.3 | fm 9.0 }a 21.5 
FeO 0.45} 0.63!Sga] . 96.38| Chlorite. .. 1.5/e¢ 6/00) Cwm gace 
MnO 0.02} 0.03|Hy . . 0.68] Epidote . . . 0.9] alk 38.5 |f 5.0 
MgO 0.26| 0.65|\mMt . . 0.49| Ores and pig- mg 0.27|/n 5.8 
CaO 0.96} 1.71) Hm. . 0.67| mentation. 1.8|k 0.47)k 1.65 
Na,O 3.58| 5.78|)Tim. . 0.60 Sern Gene 0.65 
ere SNe 100.0 
KO 488] 5.18) 53 oa, 
H,0O 0.78) 4.05 HO. . 0.73 
| 99.55 
SD eee 
Quantitative System: I: 4: 2: 3 — Toscanose. 
Osann’s Type: No. 13. Obsidian Cliff (s 81.5, a 28.0, ¢ 3.0, f 6.0, 
n 5.8, k 1.75). 
H,0 — 198° 0.06 Or: Ab: An rea 47.46: 7.38. 
7 | 99.58 SP- gravity ie C: 2.641. 
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Analysis Nr. 
Coarse red Granophyrie Porphyry. ates Flottén»-Island in Ore Aly, 
south of Alvho Station. (Ls - v- 412). 
Analysts: N. Sahlbom and H. von Eckermann (the F and CO, only). 


Mol. reer 
9% Pron it Mo Mode Niggli’s Osann’s 
x 100 9 System System 
Se eee pe ee | RN ey 
SiO, 70.80 | 117.88|}Q. . . 27.51} Orthoclase qz +125 s 78 
TiO, Cae Obs Ors a al 76 (Microcline) 32.0 | si 865 |A 81 
PO; tr. —|Ab . . 29.04| Albite. . . . 29.1] ti 1.85}C 1.1 
Al,0, 14.15] 13:88|An . . 1.12] Quartz ... 248/ al 43.0 |F 3.6 
Fe,0, 0:41) 0:26 ,C. ... 2:84) Chiorite .. . 7.8 \fm 17.0 |a 19.0 
FeO 1.88] 2.62|Sea] .91.76| Epidote. .. 4i1ie 5.0 }ce 2.5 
MnO 0.08} 0.11 | Hy ... .4.68| Ores ee Gl Gialk 35.0 |f 85 
MgO 0.92} 2.28) Mt . . 0.63| Fluorite... 0.6|mg 0.42;/n 4.9 
CaO 0.96} 1.71|/T1m .. 0.88|Caleite ... O5/k 0.51)k 1.48 
Na,O 3.438! 5.58/Ge . . 0.50 ei eerie) 110 0.31 
K,0 5.40| 5.73 | py we 100.0 
5° oy [eee ees 
H,0*" 0.69 3.83 |X fem . 7.42 
F 0.28 1.47 | H.O 0.69 
co, 1 3 Nagra ON em feel 
| 99.87 
Quantitative System: I: 4: 1: 3 — Liparose. 
Osann’s Type: No. 8. Betandroka (s 80.5, a 20.0, c 2.0, f 8.0, 
TeOsO ny Kale 64). 
H,O — 108° 0.16 Or: Ab; An par 46.91: 1.97. 
99.83. Sp. gravity " C: 2.606. 


Analysis Nr. 79. 
Porphyry. Knoppen Hill, Lissjéberg. (Ls -s- 88.) 
Analyst: N. Sahlbom. 


Mol. Mode Niggli’s Osann’s 
x ea IER % System System 
| Sid, 66.53|110.77|Q . . 12.29|Orthoclase . . 43.0|/qz +46 |s 75.0 
TiO, 0.85} 1.06|Or. . 42.81 | Plagioclase si 296 A 94 
P05 0.06; 0.04/Ab. - 33.00] (Ab,,An,) . 35.8} ti 2.94/C 0.7 
Al,O3 1.25496 Ame. 82.49 Quartz «-< te 11:3) al 40.0 |F 48 
Fe,0, 1.65) 1.08} Sga]. 91.99| Diops. augite. 8.4|fm 14.0 ja 19.0 
FeO etd) SLSbsl ay 9 Os | Litanite . 2. bbe foley | |b aT ds 
MnO 0.05} 0.07| wo. . 0.66 100.0 PWe 8 avi ibe HS 
MgO 0.62) 154!me.. 1.40 mg 0.29 n 4,5 
CaO |e BR 8 (Nae k 0.55|k 1.20 
Na,O 3.88 oe Timon 160 c/fm 0.60 
K,O 7.21 -65 | Stem 7.58 
+1050 i .b5 
io O68 22S a Oi 0.82 
99.69 
ne eotetle UI et ll ee le eS es ell ee 
Quantitative System: I: 4: 1: a — Liparose. 
— 1.98; 3.56. 
H,O- 10° 0.10 Or: Ab: An 20° Aeon 
99.85 Sp. gravity “4> 


USSSA is Chl Ies IBIS. 
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Analysis Nr. 80. 


Contaminated Red Porphyry cutting Porphyrite. N. W. of Tandsj6 station. 


(Ls - 145.) 
Analyst: N. Sahlbom. 


nn — eee 


Mol. Mode Niggli’s | Osann’s 
7 Prop RE D Syst System 
x 100 %o Md eer y 
| ee ee 
SiO 65.86 | 109.66 | Q 24.15 | Plagioclase qz + 60 s 73:5 
TiO, 0.70| 0.87/Or . . 2446| (AbgAn,,) . 837.2|si 248 |A 6.0 
EO: 0.26| 0.18 | Ab 24.11 | Orthoclase . . 24.9 | ti 2.23|/C 3.4 
BORO R 14.86| 14.09; An. 14.19 | Quartz 23.9 | al 35:0 | EO Gs 
Fe,0, 8.87] 2.11] sal. 86.91 | Chlorite - 6.8 | fm 24.5 ja 10.5 
FeO 1.46} 2.03|/pi . 3.4¢|Epidote ... 95.5)¢ 18.5 |c 6.0 
MnO 0.04] 0.06 | Hy 9-11| Ores... 0. 2.1)alk (2200) ioe 
MgO 1.46) 3.62] wt. 2.56 | Apatite 0.6 | mg 0.86)n 5.2 
CaO 4.17| 7.43) fm 1.60 100.0 k 0.49|k 1.44 
Na,O 2.84) 4.58 | Tim 1.35 “|e/fm 0.75 
K,0 me 4,12 4.37 Apis 0.65 
074%} 1.06 5.88) S75 49-98 
H,O . 1.06 
99.70 
Quantitative System: I: 4: 2: 3 — Toscanose. ' R ¥ 
— 105° Osann’s Type: No. 24. Santorin (s 71.5, a 11.5, ¢ £ 12:5; 
peo 0:86. n 6.4, k 1.28). 
100.06 | Or: Ab: An — 88.98: 38.42: 22.60. 
Sp. gravity a C: 2.719. 


Analysis Nr. 81. 


Porphyry Dyke. Tallsjébacken, north of Noppikoski. (Ls - v - 439.) 
Analyst: N. Sahlbom. 
Mol. * ro) ? 
P Prop. Norn Mode — 8 ae s 
x 100 % ystem ystem 
SiO, 68.38 | 113.85|Q . . 14.42!| Orthoclase . . 42.3) qz + 64 s 76.6 
TiO, 0.60| 0.75)Or. . 48.52 | Plagioclase si 324 A 9.8 
P,0, tr. —|Ab. . 33.00] (Ab,,An,.) . 36.8 | ti 2138/0 0.9 
Al,O, 15.61) 15.31) An. 3.90 | Quartz = 15.0) al 43.5 |F §3.0 
Fe,0, 1.68] 1.05| Segal. 94.84 | Pyroxene, fm 9.5 |a 21.0 
FeO OF Oi OVO am 1.06|  Chlorite. . 26/c CEU 2X) 
MnO 0.03} 0.02} Wo. 0.70 | Ores and pig- alk 40.0 |f 7.0 
MgO 0.18) 0.45] fm 1.63; mentation . 3.3| mg 0.15|/n 4.5 
Cad 140] 250/tim - Loi benerege | 0.55|k 1.26 
Na,O 8.88] 6.26|/Rn. | 0.09 “|e/fm 0.76 
BOs cat C18), 208 eres 
EEO 208 Bee ' 
2 0.7 4.00 HO. 0.73 
100.10 
EL a ae a ee 
Quantitative System: I: 4: 1: 3 — Liparose. 
H,0-1"| 0.29 Osann’s Type: No. 8. Betandroka (s ao ip 2.0, f 8.0, 
SS nD .64). 
100.88 | Or: Ab: An — 54.12: 41.03: 4.85, a 
|Sp. gravity C = 2.589. 
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Analysis Nr. 82. 
Red Granophyrie Syenitic Porphyry. S. E. of Sillakorvamaki Hill. 
(Ls - v - 408.) 
Analyst: N. Sahlbom. 


Mol. | Aes 
% ey Wo baa Mode Niggli’s Osann’s 
x 100 0% System j System 
a a a | 
SiO, 63.25 | 105.81/Q . . 6.61] Plagioclase qz +14 Bie led 
TiO, 1.10; 1.88/Or. . 33.39] (Ab, An,,). 488/si 248 |A 9.5 
OC, 0.25| 0.18|Ab. . 43.25] Orthoclase . . 33.7| ti 8.29/C 1.6 
Al,0, 16.91) 16.59|/An. . 6.68) Diopsidicaugite 4.9 | al 39.0 |F 6.2 
Fe,0, 1.76| 1.10|Sgal. 89.93| Quartz ... 7.2/fm 17.0 |a 16.5 
FeO 1.79] 2.49 Hy. . 1.10] Ores RAKE 10.5 |e 265 
MnO 0.05; O.07/pi. . 304) Titanite . 1.9 | alk 33.5]/f 11.0 
MgO 0.96| 238i Mt. . 2.55 | : 100.0 | ™S 0.34;/n 5.8 
CaO 2.52) 449|/Tim . 941 ede 0.42\k 1.28 
Na,O 5.10} 8.28 Ap. . 0.64] c/fm 0.68 
Cr) oct et eizien — 944] 
H,0 0.78} 4.33 EG, 0.78, 
100.15 | 
Quantitative System, I: 5: 2: 3 — Pulaskose. 
= 105° Osann’s Type: No, 53. Masafuera (s 70, a 17.5, ¢ 3.5, £9, n 5.7, 
oe ae k 1.00). 
100.12 | Or: Ab: An — 40.09: 51.91: 8.00. 
| Sp. gravity ve C = 2.671. 


Analysis Nr. 83. 


Coarse Red Syenitic Porphyry at Ornberget Hill. (Ls - 539.) 
Analyst: N. Sahlbom. 


Mol. es 
Mode Niggli’s Osann’s 
= ey Tox o% _ System System 
SiO, 62.28 | 103.70|Q . . 5.89] Microcline and qz +10 ef. Chat 
EO? 0.89} 1.89|/Or. . 40.60] Orthoclase . 42.0} si 240 TN fs 
POs 0.18; 0.18|Ab. . 34.59/| Plagioclase | ti 3.24|/C 2.3 
Al,O; TESSINI746 An. 2 974) (Ab (An;,)>. 44.5)'al 40.5 |F 5.5 
Fe,0, 1.82] -1.14!| Seal, 90.82|Chlorite ; .. 4.6|fm 16.5 ja 16.5 
FeO 2.01 2.80/Di.. 1.89|Epidote... 4d4je 10.5}c¢ 4.0 
MnO 0.18) 0.18) Hy. . 1.89)Quartz ... 2.2 | alk 32.5/f 9.5 
| MgO 0:72) L79iwe. ;° 254) Ores «i + « 19) mg 0.25;/n 4.2 
CaO 2.45| 4.37|Tim . 1.90|Apatite ... 04/k 0.53|k 1.22 
Na,O 4.07) 6.571 Ap. . 0.85 400.0 c/fm 0.62 
K,0 : 6.39 7.36 Sfem 7.94 
tela @) ca 08 0.88} 4.89 H,O . 0.88 
| 99.64 
eee alte eR te se Lele ee ee 
Quantitative System: I: 5: 2: 3 — Pulaskose. ou Cae 
H,O-| 0.25 Osann’s Type: No. 53, Masafuera (s at by, @ 3.5, £9, n 9.7, 
99.89 | Or: Ab: An — 47.80: 46.62: 5.58. 
Sp. gravity oe C: 2.629. 
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are never absent, and may sometimes be present to such an extent that 
the rock, microscopically, grades into a quartz porphyry. The ortho- 
clase is somewhat perthitic and occurs in two generations, as is strikingly 
emphasized by Fig. 18 c), where the two generations are separated by 
plagioclase which has, so to say, rectified the crystal faces of the corroded 
older orthoclase generation. The albite, too, is sometimes present in 
two generations, an albite-twinned older one and a younger one some- 
times exhibiting »chessboard» texture and surrounding the former. 


a) Tabular orthoclase, >rectifying» corroded 
plagioclase phenocryst. Uttertjirns- 
berget. 


b) Zonal tabular orthoclase phenocryst with 
chlorite separating the zones. 
Red porphyrite of Helvetesfallet. 


c) Corroded orthoclase crystal »rectified> by 
albite and surrounded by a later genera- 
tion of orthoclase. Lusbo porphyry. 


Of the remaining minerals, the pyroxene is a pigeonitic augite, and the 
ilmanite is mostly replaced by titanite. 

Finally, a chemical example may be given of the most acid exponent 
of the older porphyry series by reverting to Ornberget, from the top 
flow of which the sample of analysis No. 74 was obtained. This analysis 
shows a most remarkable excess of alumina in correspondence with the 
chemical features of the older quartz porphyries and which is quite 
unexplainable when calculating the composition of the mode on the 
basis of the analysis. If the white mica is taken as phengitic, about 
half of the excess has still to be accounted for. An explanation of this 
excess, as originating in consequence of loss of alkalies at the extrusion, 
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has already been given in the previous chapter, when discussing the 
quartz porphyries (cf. p. 246). The clearly fluidal ground mass of this 
porphyry is fairly coarsely micro-poikilitic. Streaks of almost pure 
quartz alternate with a less acid base, constituting a most characteristic 
fluxion structure. No tendency to any development of quartz pheno- 
crysts is observable, however, and this seems to be a common rule of 
the acid members of the older porphyry series. 

The analysed acid porphyries, now described, constitute only a small 
selection of the more striking types of the manifold varieties occurring 
within the district. The more granophyric, and, at the same time basal, 
types occupy the major part of the area between the Alvho and Flirksjén 

_ latitudes W. of the large eastern diabase dyke (cf. map Pl. CX). This 
area, being also characterized by the exposed intrusion of Rapakivi 
magmas, represents a deeper erosion level than the eastern marginal 
part of the porphyry area between Ornberget and Sillakorvamiki. 
This latter is, undoubtedly, somewhat downthrown E. of the diabase 
dislocation, the younger flows, consequently, being better preserved. 

Every transitional phase between porphyry and granite may be 
observed here, and, in many cases, the granophyric bottom portions 
of the flows are quite undistinguishable from the granophyric marginal 
parts of the true abyssic granite, which generally intrude as sheets. 
The close relation of the porphyry to the Rapakivi is evidenced by the 
occurrence of oligoclase shells around orthoclase, by the occasional 
alteration of augite into strongly birefringent hornblende, and by the 
ymicro-Rapakivicy angular habit of the grains of the ground mass. 
The pigeonitic augite, too, varies within limits similar to those of the 
Rapakivi (°/, = 40°; 2Vs50 = 59°). The Akkamiki Hills offer good 
opportunities for the study of these »border rocks». TORNEBOHM, 

in his day, put them down as porphyries, while Loosrrém, from a 
purely petrographic point of view, claims them to be granites. The 
present writer sides with TORNEBOHM, giving the unmistakably bedded 
character of the rocks the preference, especially as, in many Cases, 
a grading into real felsitic porphyries is evident. 

All these granophyric porphyries belong to the older series and their 
gradual changes into felsitic types, not only as consecutive younger 
flows but also within one and the same flow, may be nicely studied in 
the superimposed eastern bed-escarpments of the Sillakorvamaki 
and Ornberget Hills. A decided concentration of felspar crystals 
is always noticeable towards the basal portion of the thicker flows. 
This differential accumulation of plagioclases rich in lime, viz, of 
oligoclasic or, in a few cases, andesinic composition, is for instance, 
conspicuous at Stora Svedjeberget and Sundsjéberget too. The two 
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generations of potash- as well as sodic-felspars which constitute a 
characteristic of the Rapakivi granites (cf. p. 292) are always a regular 
feature of the flows, too. 

As one ascends the flows, the texture changes from granophyric 
to spherolitic, spherolites developing within the base around the ortho- 
clase phenocrysts. This may be observed at Sillakorvamaki especially, 
and also at Uttertjarnsberget, W. of Tandsj6, from which latter place 
Fig. 18 a) pictures the beautifully regular orthoclase tables around 
earlier corroded plagioclase (cf. Pl. LXIX—LXXVI). 

At a still higher level within the flows the spotty micropoikilitie 
texture predominates, the spots atthe beginning being rather large, 
well-defined granophyric sponges, sometimes even »antigranophyric», 
with radiating orthoclase crystals within the predominating quartz. 
At the same time the plagioclase grows more albitic and the fluorite 
becomes a common accessory constituent. Sometimes, enormous 
quantities of fluorite are found within the rocks, and fair-sized boulders 
have been observed, of almost pure fluorite, undoubtedly being derived 
from the adjoining porphyry beds. Sometimes the micropoikilitic 
texture assumes, megascopically, an almost banded character by the 
segregation of fluidal streaks of quartz. At Harjamaki, W.S.W. of 
Sundsj6n, the very top of the ridge was mapped in the field as banded 
»halleflintay, but proved, on later investigation, to be a purely eruptive 
‘rock with fluxial bands of quartz and micro-poikilitic ground mass. 

The top parts of the lava flows generally grow very poor in pheno- 
crysts, simultaneously with an increase in the density of the grain. 
The spongy spots of the base become smaller, and finally defy the resol- 
ving power of the microscope. Further, the base becomes almost iso- 
tropic and the last remaining phenocrysts are generally clear, beautifully 
crystallized orthoclases, most probably originally formed as sanidine. 
These sanidine pseudomorphs are not only found at Ornberget and at 
Sillakorvamaki but also in the porphyry of Otalampiknoppen, W. of 
the latter hill. In one instance, at the top of Karhumaki, the optic 
characteristics of sanidine still persist. This grayish yellow rock also 
shows relics of a vitreous texture. On the W.S.W. slope of the same 
hill occurs a more reddish acid porphyry where the vitreous perlite 
_ texture is fully preserved, together with relics of lithophyses and sphero- 
lites. Strongly corroded orthoclase crystals are brecciated in the un- 
doubtedly primarily viscous obsidian glass. The devitrification has 
hardly been carried past the resolving power of the microscope. 

Below the jotnian sediments 8. of Béssfallet a red and white spotted 
rock crops out, which at first was taken to be a red porphyrite. The 
microscope investigation proved it instead to be an acid effusive por- 
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phyry of an almost vitreous fluidal isotropic base, containing kaolinized 
and sericitized felspar as well as quartz phenocrysts and innumerable 
elongated »tooth-like» vesicles, filled by a structureless colourless sub- 
stance, uniaxially negative through aggregative polarization (cf. PI. 
_LXXXT). Refraction and birefringence are about those of quartz. The 
substance is left to future investigation. This strange vesicular rock may 
belong to the older Dala-porphyries, as suggested on the section along the 
Ama valley, Pl. CIX, but its 
position being uncertain a 
note of interrogation is added. 

Immediately N. of Flark- 
sjOn, within the younger Dala 
series, occurs a very felsitic 
porphyry. Another is found 
at the top of one of the lower 
flows of the older Dala series 
at Vassjéan, The latter is a 
dark-red banded rock of alter- 
nating felsitic and porphyric 
layers, of which the’ felsitic 
are almost crypto-crystal- 
line, with minute spherolites Fig. 19. Quartz phenocryst surrounded by a 
and perlitic textures. Small rim of eae Mipatee eaee of Orn- 
quartz phenocrysts of typic- 
ally tridymitic habit occur, together with minute rhombic grains of 
carbonate, probably calcite. 

Finally, a few more words may be said respecting the quartz-por- 
phyric members of the upper Dala series. The Lusbo porphyry at the 
basal portions of the flows develops a granophyric quartz porphyry 
of unusual microscopic beauty, each well-crystallized quartz grain 
being a centre, or radiating symplectitic growth, of orthoclase and 
quartz. The perthitic inclusions of the orthoclase are replaced by calcite 
(cf. Pl. LXX XVI). Below Bossfallet a small outcrop of a red micropoi- 
kilitic quartz porphyry, containing no other phenocrysts but somewhat 
corroded quartz grains surrounded by quartz-saturated auroles, is the 
only exponent of this type of rock within the southern area of younger 
acid porphyries (cf. Pl. LXXVI). The area N. of Unan represents only 
the lower series of the beds, i. e., normal felsitic porphyries with acid 
andesinic plagioclases, and bottom portions rich in accumulated felspar 
phenocrysts. 

BE. of Ornberget, within the subsided porphyrite area, a dyke of red 
felsitic quartz porphyry cuts the porphyrite. In this instance the ground 
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mass is almost micro-trachytic, minute lathes of felspar indicating the 
direction of flow. The quartz phenocrysts, too, are of some interest, 
Fig. 19 gives a picture of one of them, showing the surrounding rim of 
pistazite and also the inclusions of the same minerals within the quartz. | 
A few green pigeonitic augites and felspar phenocrysts also enter into 
the mineralogical composition. 


The Metamorphism of the Porphyries. 


The porphyries are generally very slightly metamorphosed, giving 
the impression of well-preserved volcanic extrusives, even to the 
extent of their being real ryolitic brimstone lavas, which latter are 
preserved at the N.E. foot of Pilkalampinoppi, between two of the 
flows, as well as in the form of fragments in a layer of ashes separating 
them. The bottom portion of the upper flow is extensively conta- 
minated by such fragments (cf. Pl. LX XXIV). Very nice red, banded 
ashes occur at St. Korsilampi too, on the slopes of Ornberget, pre- 
sumably at the same stratigraphic level as at Pilkalampinoppi. They 
look very recent indeed. 

Actually, the only metamorphism of the porphyries worth mentioning 
is the thermal influence of the doleritic diabases. At the Alvho railroad 
bridge the porphyry opposing the diabase W. of the river has a concentric 
shaly appearance, which, at first glance, suggests a tuffitic sedimenta- 
tion. Closer investigation, however, shows it to be a feature accom- 
panying the configuration of the contact between the diabase and the 
porphyry, extending to a depth of some 50 yards or more within the 
latter. Where the diabase tapers off into the narrow dykes running 
through the canyons of Alvho, the thermal aurole disappears. This 
is shown on the sketch-map Fig. 17, p. 270. 

The metamorphic influence is limited to a very characteristic coar- 
sening of the micro-poikilitic texture of the base. Instead of a coar- 
sening of the granophyric texture, which is often regarded as a sign 
of thermal metamorphism, the quartz disintegrates into small rounded 
grains, not only within the ground mass itself but also within the grano- 
phyric or acicular auroles around the phenocrysts, and the texture 
assumes at crossed nicols the aspect of something like a dark sky dotted 
with stars. This »milky-way texture» arises wherever a micro-poikilitic 
or even granophyric porphyry or porphyrite comes into close proximity 
to any larger body of diabase. It has been observed at Lusbo, at Ema- 
dalen, at Béssfallet, Helvetesfallet, Mygesjé, Pikalampinoppi, Génsjén, 
and even within the Riitan granite at Risberget (N. of Fagelsj6). The 
Pl. LXVUOI, LXX, LXIV, Fig. 2 pictures this characteristic feature. 
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The texture in question is so exclusively restricted to the thermal 
metamorphism of the diabase that I believe it may be used in the future 
to trace the continuation of the diabase dykes where, at present, they 
are not exposed but may nevertheless exist, such as between Hist- 

_knopparna, S. of Flirksjén and Orean, along the Orean river towards 
Finnberget, etc. Unfortunately, I have not had sufficient time at my 
disposal for this investigation, or the brecciating net of diabases on the 
map would probably have been more extensive. 


The Porphyrites. 


Turning from the acid Dala rocks to the basic, an intermediate type, 
analysis No. 80, is represented by a red feeding dyke of the younger 
flows, cutting the green porphyrite, N.W. of Tandsjé station. It is 
unquestionably a hybrid rock contaminated by the earlier more basic 
flows, as evidenced both by its predominating andesinic plagioclase 
and also by the incompatibility of its Nreeii-reference values with the 
general sequence of differentiation of the effusives (cf. Fig. 21, p. 288). 
It has even been found to contain fragments of porphyrite, and may 
be left out of the discussion, as being in no way typical. 

The normal green porphyrites are represented by thethree analyses Nos. 
~ 88—90 (cf. Pl. LX XVII). These porphyrites occur W. and N.W. of Fagel- 

s]6, 8. W. of Béssfallet and W. of Lusbo. They cap the jotnian sediments of 
Lustjarnsberget as well. They are fairly dense green rocks, with greenish- 
white plagioclase and black green phenocrysts of augite. The plagioclase 
ranges from An,;, to An;;, and is mostly saussuritized. Orthoclase does 
not generally occur as phenocrysts, but may sometimes be quite con- 
_ spicuous in the groundmass. Free quartz is almost always present as 

streaks, or granophyric sponges, in the groundmass, which latter 
closely resembles that of the porphyries, being homogeneously or 
spottedly micro-poikilitic and even sometimes almost cryptocrystalline. 
In some cases, however, such as N. of K6lsj6 Lake (Analysis No. 89) 
the texture of the base on high magnification proves to be trachytic. 

The pyroxene is of a greenish colour and is very seldom fresh, except 
where the base is trachytic. Why this should be so is difficult to ex- 
plain. The porphyrites of the Kélsjé district, consequently, display 
very nicely crystallized augite of a pigeonitic composition, the optic 
values ranging as follows: ¢/, = 32°—44°; 2Vs50 = 58°—30°. ; 

In most others of these green porphyrites, the augite is altered into 
f serpentine, pistazite, and titanite, the latter indicating an original 
titanium content. W. of Bossfallet, the augite pseudomorphs suggest 
two different primary augites, one rich in lime leading to pistazite- 


2 HARRY VON ECKERMANN, [Mars—April 1936. 


bo 
D 


Analysis Nr. 84. 
Red Porphyrite, Aman, (Ls - v - 503.) 


Analyst: R. Blix. 


Mol. Mode : Cn) ’ 
«| Prop.) Norm Z ee alle 

x 100 % : 
I sio, 61.72 | 102.76}Q . . 15.11) Plagioclase qz + 36.5 |s 69.4 
TiO, | 0.66] 0.88|Or . . 26.65| (Ab, An,,) 41.0 | si 222.5 |A 6.5 
1P.0, | O17} O12/Ab . . 26.74] Orthoclase. . 26.6 | ti 174/0 35 
| Al,O, 15.25] 14.95) An . . 14.18 | Diopsidic al 32.5 |F 10.6 
Fe, 0, 3.74| 2.84] Seal . 82.68| Augite* . . 16.4/ fm 31.0 |a 9.5 
| FeO 296) - S161 pi . 6 Son) Quatizeqs «10.9)¢ 15.0 *.e> 2Osg 
| MnO 0.09] Q18ite. . 6.03) Oren. 5. . A7ipalk palo tela 
| MgO 2.53| 6.28! Mt. . 5.3¢| Apatite... 0.4/mg 0.44/n 5.2 
| CaO 8.84] 6.85|/Tim. . 1.93 100.0 | * 0.48}k 1.28 
ae rev rer Ap.. 0.84 “o) effm 0.49 
No a 8 76 VS £5 : ARs . 
1 RVR aye lla Aol e re : ee * Partly metamor- | 
a 2 ————+| phosed into serpen- 

99.51 | tine and epidote. 

Quantitative System: II: 3: 2: 8 — no name. 

H.O-18°| 0,48 Osann’s Type: No, 25. Popocatepetl (s carey. 06, £ 175. nba 
99.91| Or; Ab: An — 89.45; 39,57: 20.98. ~ 
arn 
Sp. gravity a C : 2.726. 


Analysis Nr. 85. 
Red Porphyrite at Granvasslan, Aman River. (Ls -s - 66.) 
Analyst: N. Sahlbom. 


. 


Mol. | apna ores 
% Prop. Norm ne a i Riggu's sdebaall 
x 100 | % system system 
(SiO, | 60.64/ 100.97) Q . . 11.65} Plagioclase qz +25 |s 686 
TiO, 0.90; 118/)Or . . 2837] (Ab,, An,;) 41.9]/si 217 |A 72 
| P.O, 0.83} 0.23) Ab . . 29.89] Orthoclase . . 28.2] ti 2.36/C 2.9 
| ALO, 15.89} 15.10} An . . 11.96] Pseudomorphs al 32.6 |F 11,1 
| Fe,0, 4.14] 2.59/Sgal, 8La7| of diopsidic fm 29.0 |a 10.0 
FeO 1.30} 18t\fy. > gai] augite (ser- c 15.5 |e 4.0 
MnO 0.08} O11) pi. . 419!  pentine, cal- alk 23.0 |f 16.0 
MgO 2.52} 6.25) Me... 1.86| cite)... . 21.6/me O47\/n 5.8 
CaQ 4.06} 724/Hm. . 2.97 | Quartz 5.4) k 0.47/k 1.11 
Na,0 3.54] 5.71} Tim. . 1.69/ Ores .... 20lc/fm 0.54 
Bo sue| 4.79 5.09) Ap. . 0.91; Apatite . . 0.9 
a #05} 11.88 | Soom 15.79 100.0 
H,O . 2.05 

99.71 
1 eee 
Quantitative System: II: 4; 2: 8 — Adamellosse. 
H,O-1°| 0,95 | Osann’s Type: No, 16, Ranomainty (s 72.5, a 11.0, ¢ 4.5, £ 14.5, 
nn n 6.7, k 1.85), 

99.99 | Or: Ab: An — 42.56: 40:41: 17.03. | 


20° 


Sp. gravity 4° C:2.706. 
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Analysis Nr. 86. 
Porphyrite from Nyslottsknoppen. (Ls - 629.) 
Analyst: N. Sahlbom. 
Mol. 
% Prop. We Pan Mode Niggli’s Osann’s 
x 100 9% system system 
i ee ee | 
sio, 57.90| 96.40/Q 7.93 | Plagioclase | 55.5 | 
i Pe ey 1 qz +9 s 65,5 
TiO, 0.62; O.77)Or . . 28.36; (Ab, An,) 45.7/si 189 |A_ 6,7 
LEO 0.60 | 0.42 Ab . . 25.68] Orthoclase. .. 28.4] ti 151/C 4.9 
Al,0O, 17.66 17.32) An.. . 20.31} Augite (and al 34.0 |F 11.1 
Fe,0, 3.04/ 1.90|¥sal . 82.98| chlorite). . 15.8| fm CE Wee BW 
FeO 2.61) 3.63) Hy , 8.97 | Ores 5.6} ¢ 16.5 |c 6.5 
MnO 0.10) 0.14] we . 4.44| Quartz d.1}alk 20.0 |/f 145 
a “ei 7.56 | Im . 1.20 | Apatite 1.4 | mg 0.50|/n 4.9 
a 80 and 1.338 k O51 | k ed.07, 
Na,O 3.03| 4.89 2 anes 100.9 c/fm 0.58 
‘a Bone x fem . 15.91 
K,0 4.78} 5.07 H.0 152 
BO Yeoh Baa [72 2 362 
99.71 
ee ee 
Quantitative System: II: 5: 3: 3 — Shoshonose. 
ne Qsann’s Type: No. 61. Mormon Mt. (s 66.5, a 11, e 5.5, f 13.5, 
H,0 0.18 : ’ : 
n 6.4, k 1.02). 
99.89] Or: Ab: An — 38.14: 34.55: 27.31. 
Sp. gravity e C: 2.750. 


Analysis Nr. 87. 
Red Dala-Porphyrite, Libbingsberg Ridge, south of Tandsjé Lake. (Ls - 647.) 
Analyst: N. Sahlbom. 


H,0 — 105° 


Mol. 


% Prop Rocu Mode Niggli’s Osann’s 
x 100 % system system 
55.56) 92.51 | Q _. 5.83 | Plagioclase qz +0 8 62.5 
0.90| 112|/Or . . 22.23| (Ab,, An,) 46.9/si 164 |A 6.0 
0.42) 0.29|/Ab . . 26.24| Orthoclase . 22.2 | ti 19 Cy eor0 
16.92) 16.60) An.... .21.14] Chlorite ..... 21.8) al 29.5 |F Soe 
4.03) 2.52|Sgal-. 75.44 | (Pseudomorphs fm 37.0 | a 0 
3.20| 4.45 Di. . 2.85| of augite) c 17.5 |e 5,5 
0.16} 0.23|/Hy . . 11.36| Epidote . 44/alk 16.0 |f 17.5 
4.50] 11.16|mt.. 5,78] Ores . 2.9 | mg 0.54/n 5.5 
5.54] 9.88) tim 1.70 | Apatite 0.9|k 0.44\k 1.02 
3.12} 5.03] 4 0.97 | Quartz 0.9\/e/fm 0.47 
3.78| 3.96 | 5 fem 22.06 100.0 
1.74] 9.66 HO . 174 
99.84 
Quantitative System: II: 5: 8: 3 — Shoshonose. 
0.43 Osann’s Type: No. 62. S:ta Croce (s ee a 7.5, c 6, f 16.5, n 6.5, 
: k 0.99). 
100.25 | Or: Ab: An — 31.94: 37.69: 30.37. 
Sp. gravity we C: 2.749. 
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Analysis Nr. 88. 


Green Porphyrite at Akomaki, V. of Lillhamra. (Ls - 615.) 


Analyst: N. Sahlbom. 
i 


Mol. . Mode Niggli’s | Osann’s 
% Prop. Norm »: system system 
x 100 # I 
eT 
Ssio, 53.98| 89.88/Q . 8.40 | Plagioclase qz + 8 s 60.1 
TiO, 0.90) 1412)Or.. 1111} (Abg <An,,) 47:2)ai 150) () Ae 
P.O; 0.15| 0.11; Ab . . 22.64] Epidote . 22.2 | ti 2.38/C 7.5 | 
Al,0, 18.06| 17.72|An . . 32.09| Serpentine . . 13.9 | al 29.5 |F 16.5 | 
Fe,0, 4.60| 288) Segal. 74.94| Orthoclase. . 111/fm 32.0 ja 4.5 
FeO 2.73| 3.80\pi . . 10.61| Quartz 3.3 | ¢ 28.0 |e 8.0 | 
MnO 0.20| 0.28] Hy 49g | Ores. . Lo paik LOO t Stas 
MgO 3.82} 9.47 | Mt 5.56 | Apatite 0.4 | mg 0.49 | n 6.8 | 
CaO 9.36 16.69 Hm 0.79 100.0 k 0.32 k 4.07) 
Na,O 2.62) 4.23) Tim 1.91 | c/fm 0.86 
K,0 1.87| 1.99) Ap . 0.33 
JEO ane ARS 2 8.44 Efem . 24.18 
H,O . 1.52 
99.94 | 
Quantitative System: II: 5: 4: 4 — Hessose. | 
1.0 -| 0.20 Osann’s Type: No. 63. Buffalo Peak (s 60.5, a 6, ¢ 6, f 18, n 6.8,| 
a k 0.98). | 
100.01} Or; Ab: An — 16.87: 34.39: 48.74. 
Sp. gravity He C : 2.899. 


Analysis Nr. 89. 
Green Porphyrite, north of Lake Kélsjén, west of Lake Tandsjén. 
(Ls - 640.) 
Analyst: N. Sahlbom. 


| 

3 ae NeEE Mode Niggli’s .| Osann’s 

: 2 100 % system system 
SiO, 53.92] 89.78)/Q . . 4.75| Plagioclase qz —4 s 58.5 
TOs 0.82} 1.03/Or . . 14.46) (Ab, An,,) 53.7}/si 146 |A 48 
POF 0.35) 0.25)Ab . . 25.67) Augite. . . . 16.3) ti 1.63/C 6.5 
Al,O, | 17.79| 1745|An . . 27.81] Orthoclase. . 144]/al 285 |F 18.7 
Fe,0, 3.99} 2.50|S ga) . 72.69 | Serpentine . C6} fm 38.0 ta a 
FeO 3.59} 5.00 | pj 4.39 | (Pseudomorphs c 21.0) || (GumGrn 
MnO 0.11} 0.16 | Hy 13.39| after diopsidic alk 125 |f 18.5 
MgO 5.30} 13.15 | wt 5.78| augite and mg 0.56)/n 6.5 
CaO 7.26 | 12.95] Tim 1.54| olivine) k 0.36|k 0.97 
Na,O 3.02) 4.87] Ap . 0.91 | Ores 4.9\c/fm 0.53 
K,0 a 2.44| 2.59 Efem . 26.01 | Quartz 2.1 
Home| 116) 6.44 H.O Lig | Apatite . 1.0 

‘ 99.76 100.0 
aT eS ee eee 
Quantitative System II: 5: 3: 4 — Andose. 
H,0 -°5}| 0.30 Osann’s Type: No. 63. Buffalo Peak (s ee 6, cbf 18, nore 
100.05 | Or: Ab: An — 20.85: 38,22: 40.93. aie 
Sp. gravity C: 2.784. 
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Analysis Nr. 90. 
Porphyrite, N.W. of Tandsjé Station. (Ls - 144.) 
Analyst: N, Sahlbom. 


Mol. | ee : a 
% Prop. | Norm | a Niggli’s Osann’s | 
x 100 | | %, system system 
Si0, | 58.53) 89.18'Q . . 9.43 | Plagioclase qz +45 |s 60 
TiO, 0.91 114)Or. . 16.66) (Ab, Anj)) 46.9 | si 156.55 AS 972 
P20; 0.38; 0.27|/Ab. . 22.05) Orthoclase . . 16.5 | ti 1.93)C 6.4 
Al,O., 20:93) 20:58] An. . 23.93 Quartz . .. 11.6) al 36.0 |F 12.8 
Fe,0, 2.77| 173/C .. 4.79| Amphibole. . 116/fm 340 |a 8.0 | 
FeO 3.85| 5.86|/Ssal . 76.86 | Delessitic c IO fil 7658 
MnO 0.14| O20! Hy. . 1404] chlorite .. 7.5/alk 13.0 |f 14.5 
MgO 4.16} 10.32|mMt.. 3.99| Ores .... 5.0/mg 0.53|n 5.8 
© | CaO D401) 9.63) tin . Iga) apatite... 09) k 0.42)/k 0.87 
Na,O 2.63| 4.24) An. . 0.95! 100.0 | ¢/fm 0.49 
K,0 Cee 2.80) 2.97 Efem 20.61 ; 
H,O0 15 2.69| 14.93/56 “969 
100.16 | / 
100.22 | Quantitative System: II: 4: 3: 3 — Harzose. 
105° Osann’s Type: No. 95. Ascension (s 60, a 9.0, ¢ 7.5, f 13.5, n 6.7 
ea a ke 0.84) 
100.77 | Or: Ab: An — 26.60: 35.20: 38.20. 
Sp. grayity ye C: 2.748. 


Analysis Nr. 91. 
Porphyrite from Korsiberget Hill. (Ls - 531.) 


Analyst: N. Sahlbom. 
eee 


| of Sade N Mode Niggli’s | Osann’s 
- See eee 4, system system 
a 
| Si0, 48.21) 80.27/Q .. 0.06} Plagioclase qz — 22 |s 53.5 
Tio, 1.10| 1.88)0r.. 9.41] (Ab, An,,) 49.0}/si 114 |A 41 
PO, 0.44| U.31/Ab. . 24.09| Augite .. . 20.8|ti 2.04;C 6.5 
Al,O; 16.48| 16.17| An. . 27.58| Epidote . . . 9.6/al 23.0 |F 25.0, 
Fe,0, 8.97| 5.62|yeal . 61.09| Orthoclase. . 9.4| fm 45.0 |a 3.5 
FeO 1.29} 1s80\pi ,. 86g|Ores .--- 69/¢ 23.0 |e 5.5 
MnO 0.25| 0.35|/Hy | . 14.74| Olivine (pseud.) 2.0 | alk S10 | fae ee 
MgO 7.34| 18.20| Mt. . 0.93| Fluorite... 1.3|)mg 0.58|/n 7.8 
CaO 9.12] 16.26|Hm. . 831| Apatite.  . 1.0/k 0.27\k 0.86 
> |Na,O 2.82 4.55|Tim. . 2.11] 100.0 c/fm 0.51 
eS | K,0 1.55 1.65 Avie 1.00 | : 
| H,0 7%) (1.70) 944) , . 1.88 
F 0.54] 2.84 Dfem . 37.10| 
EEOme, 1240 
99.89 
Quantitative System: II: 5: 3: 4 — Andose. 
a alo ’s Type: No. 92. Kinnekulle (s 53.5, a 3.5, ¢ 5.5, £ 21.0, 
“AO aN ae n 8.0, k 0.86). 
99,94| Or: Ab: An — 15.42: 39.47: 45.11. 
Sp. gravity 2 C : 2.901. 
1 


286 HARRY VON ECKERMANN. [Mars—April 1936. 


chlorite-pseudomorphs, and the other rich in magnesia, altering only 
into chlorite and titanite. Olivine seems in many cases to have been 
a primary constituent but has always been found altered into serpentine 
and, sometimes, amphibole, the ore skeletons clearly indicating the 
original outlines of the crystals (cf. Pl. LX XIX, Fig. 2). A delessitic 
chlorite is almost always present as minute flakes within the base, and 
is chiefly responsible for the green colour of the rocks. 

The peculiar red porphyrites of the region were noticed already by 
Loosrrém who assigned the altered colour to some unknown meta- 
morphic action, The range of analyses of these rocks is illustrated 
by analyses Nos. 84, 85, and 87. A comparison between these analyses 
and those of the green porphyrites immediately shows the red ones to 
be more acid and the reddest of them all, at Granvasslan (Analysis 
No. 85), to have an unusually high Fe,O;: FeO ratio. Their lime con- 
tent is also lower, but the main difference in the analysis, however, lies 
in the higher alkali percentage, and especially the K,0, of the red por- 
phyrites, which, in Nieeur-values, are 21.5, 23.0, 16.0, as against 10.5, 
12.5, 13.0 for the green rocks. 

From a mineralogical view-point, the »red» plagioclase ranges from 
An,, to Any, in the analysed samples, being consequently more acid 
than the »greeny ones. Exceptions occur, however, a porphyrite from 
Granvasslan having been found to contain a plagioclase of Ans -com- 
position (cf. Pl. LX XVII, Fig. 2). 

The red porphyrites occur only within the southern porphyritic area. 
N. of Noppikoski they are wanting, their stratigraphically corresponding 
counterparts being violet-green rocks. The peculiar change in colour 
which is undoubtedly associated with an oxidation of the iron cannot 
be placed in any relationship to the metamorphic influence of younger 
eruptives. The doleritic diabase was strongly suspected at first, but 
on the study of the contacts no confirmation was forthcoming to verify 
the suspicion. N.W. of Amadalen the green porphyry borders on the 
diabase without any other change than the »milky-way» recrystalliza- 
tion of its micro-poikilitic base. 

The explanation of this change of colour has to be looked for else- 
where, and may be connected with the unusual richness in potassium 
and volatiles, fluorite being a common accessory mineral. The por- 
phyrite N.W. of Tandsjé (Analyses No. 90) even proved to contain 
' topaz, a rather unusual mineral association, even if the topaz is bound 
to a streaky quartz enrichment within the porphyrite. The accom- 
panying high percentage of alkalies, too, is suggestive. The author, 
consequently, considers that autogeneous changes within the magma 
itself, due to its concentration of volatiles and alkalies, potassium 
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especially, should be made responsible for the unusual oxidation of the 
iron. 

Actually, the first extrusions in the northern as well as the southern 
porphyrite area are generally of the normal green type. Only when later 
extrusions gradually differentiate into more acid types does the accom- 
panying concentration of the above-mentioned elements lead to an auto- 
geneous metamorphism. Why this should occur only within the southern 
area is, of course, a matter of speculation. It may be due to a somewhat 
varying differentiation within separate magma chambers, or it may, 
perhaps, be explained by the northern extrusion having taken place 
mainly on the surface, while the southern has mostly intruded between 
earlier beds. A certain support of this hypothesis is given by the clearly 

effusive types all being found N.W. of Tandsj6, in close connection with 
the porphyrites. 

Analysis No. 86 represents such a vesicular rock. The base of this 
porphyrite is almost micro-granitic, containing a conspicuous amount 
of orthoclase and a pigeonitic augite with the optical characteristics: 
Bhp = 34°—35°, 2Visso = 62° 15’ Ng 550 = 1.67. The pyroxene is partly 
changed into a green chlorite, the plagioclase is lathe-shaped, somewhat 
zonal, An, _,;, and there is an abundance of violet fluorite in the 
vesicles. 

The effusive types which dominate the district N. and N.W. of K6l- 
sj6n mostly have, however, a micro-trachytic base and andesinic felspar, 
and also contain a large percentage of ilminite ores. The phenocrysts 
are lathe-shaped, 0.4—0.5 mm. long. The vesicles are filled by fluorite, 
quartz and pink manganese-epidote. Even pseudomorphs of olivine 
occur in spite of the acidity of the rocks,serpentine and amphibole 
(°/, = 16°) being the alteration products (cf. Pl. LX XVII, Fig. 1). 

At Noenoppi, E. of Ornberget, there occurs a remarkably green acid 
porphyrite, or rather porphyry of trachytic, partly poikilitic texture, 
the phenocrysts being oligoclase, augite, ores and a predominating per- 
centage of fairly small chlorite crystals. Not all the effusive types, 
however, are acid. At Korsiberget, a strongly vesicular violet rock 

proved to contain the normal plagioclase of the green porphyrites, viz, 
An;:. As shown by analysis No. 91, it is very rich in augite (°/,, = 27.5°, 
2V 550 = 46°) as well as in epidote, which latter is of the pink manganese 
variety, and fills the blowholes together with quartz and violet fluorite, 
constituting a very striking picture when seen under the microscope. 
The ground mass is partly clearly micro-ophitic, strongly reminding 
one of the texture of the marginal parts of a diabase (cf. Pl. LX XIX). 
When first discovered, the rock was actually mapped in the field as 
effusive diabase. On the other hand, the top of the same flow at the 
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Fig. 20. Nicenr diagram of 


crest of the hill grades into a more acid type with no diabasic features 
whatever, the felspar phenocrysts being only andesine, Ang., and free 
quartz scattered all through the almost cryptocrystalline base. At very 
high magnification, the ground mass proves to be trachytic. The 
pigeonitic augite (°/, = 30°—31°, 2V55.—=42°—41°) occurs together 
with pseudomorphs of serpentinized olivine. 

While, within the K6ls]6 area, the last acid flows of the younger series 
directly overlie the effusive porphyritic surface rocks, the Aman area 
shows a more consecutive grading into increasingly acid types. Some- 
times the green porphyrites are even wanting altogether, such as is the 
case at Lusbo rapids where the Lusbo porphyry rests on inter-jotnian 
sediments. Between Unan and Emadalen, the later volcanic period 
seems to have started with more intermediary porphyries grading into 
the acid types. This may, of course, be due to primary local restrictions 
in the extension of the flows, and does not necessarily imply a different 
age of the petrologically corresponding lavas. 

The red porphyrites of Helvetesfallet-—Emadalen—Tunturiberget 
are all really of rather acid type and of every conceivable transitional 
composition grading to the real porphyrites. The plagioclase ranges 
from Any to Anzs, orthoclase or microcline phenocrysts appearing in 
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the effusive Dala Series. 

7 

inverse proportion to the basidity of the rock. Occasionally, the potash 
felspar is zonal, with varying degrees of pigmentation and green chlorite 


marking the boundaries between the zones (cf. Fig. 18 b). The pyroxene 
ranges from °/, = 20°, 2Vs55 = 40° to °/, = 26.5°, 2V559 = 10°. 


The Metamorphism of the Porphyrites. 


The re-crystallization of the ground-mass, originating in the thermal 
influence of the doleritic diabase, is the only exogeneous metamorphism 
of the porphyrites which has been observed. 

A fairly extensive autogeneous metamorphism occurs, however, 
leading to epidotization of the plagioclase and augite phenocrysts and 
to serpentinization, chloritization or amphibolitization of the augites 
and the olivine. This metamorphism is generally more advanced 
in the upper parts of the lava-flows than in their basal portions. It is 
generally followed by an albitization of the felspars, even if real albite- 
rocks comparable with those of the Loos-greenstones have not been 
observed. 

Occasionally this late-magmatic differentiation is accompanied 
by concentrations of pyrites. This is, for instance, the case at Bor- 
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ningsberget Hill, S.W. of Sjéindan, where the vesicles of an effusive 
porphyrite are filled with chalcocite and chalcopyrite. The chalcocits 
is surrounded by rims of malachite. 


The Chemical Composition of the Extrusives. 


On comparing the analyses of the Dala-effusives with those of the 
neo-volcanic rocks, the acid porphyries agree fairly well with the lipa- 
ritic magmas, only the K,0 : Na,O-ratio generally being considerably 
higher, — a commonly occurring difference between the paleo-volcanic 
and the neo-volcanic extrusives of the lime-alkali-series. 

The syenitic members of the basal series, analyses 82 and 83, on the 
other hand, are decidedly alkali-syenitic, as is, too, clearly expressed 
by their position in the quantitative classification. Their analyses are 
almost identical with that of the umptekite from Beverly, Mass. (cf. 
Element der Gesteinlehre p. 150), and the Niger reference values 
correspond to the typical average composition of the grano-syenitic 
magmas, including the potash-nordmarkite of Wolf Hill and the 
potash-pulaskite of Lakobé. 

The green porphyrites may be compared with normal andesites 
(cf. Elem. der Gesteinlehre, Analysis No. 15, p. 409) or with Nieett’s 
yormal dioriticy magmas. It is more difficult to find any true equi- 
valent to the red porphyrites. In RosENnBuscn’s terminology they 
may be named trachy-andesites, and in Ni@@.r’s either normal syenitic 
or monzonite-syenitic magmas. Actually, they do not quite agree 
with either of these groups. 

The Nieexr diagram is given in Fig. 21. It is remarkably symmetrical, 
the plotted points combining into smooth curves representing the diffe- 
rentiation. To the dissentient anal. No. 80 reference has already 
been made (cf. p. 281). 


The Rapakivi Granite. 


The jotnian granites of the region, referred to by the author as the 
Rapakivi group, differ in many respects from the normal type of the 
Finnish Rapakivis, their characteristic texture, viz., the rounding of 
the orthoclases and their surrounding by oligoclase being mostly absent. 
Only outside the present map farther to the W. in Dalecarlia are granite 
types found, the so-called Garberg granite, where the white oligoclase 
shells are striking features on fractured rock-surfaces as rings around 
the red orthoclase phenocrysts. 

The Hamra rocks in hand specimens have a greater resemblance 
to the Strémsbro Rapakivi N. of Giivle, the Lappee granite of the 
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Finnish Lappeenranta region or some of the fine-grained Aland Rapa- 
kivi types. 

Two different types may be recognized within the present area, 
the red Sandsjé granite and the grayish Loberg granite. Micro- 
scopically, the difference is not a great one, being mainly confined to 
a different degree of iron-oxide pigmentation. 

The dominating felspars in hand specimens are the red phenocrysts 
of potassic felspar, partly orthoclase and partly minutely twinned 


Fig. 21. Rapakivi granite. Perthitic orthoclase tables and homogeneous orthoclase 
of a second generation, intergrown with quartz. Magnification 10 diam. 


microcline, but in most cases the slides, as well as the analyses, show 
the plagioclase to be actually the ruling felspar-phenocryst. The 
orthoclase is generally strongly pigmented by iron-oxide, even to the 
extent of making optical determinations almost impossible; porphyriti- 
cally, it appears in a fine-grained ground mass, surrounded by micro- 
pegmatite or granophyric zones of felspar and quartz. Actually, the 
rock should be more accurately classified as a porphyric Rapakivi 
granophyre. The same remark applies to the above-mentioned Stréms- 
bro Rapakivi. The orthoclase (respectively microcline) is generally 
strongly perthitic and occurs mostly in two generations, the latter 
without any plagioclase inclusions (cf. Fig. 22). This is especially the 
case with the Sandsj6 type where the later potash felspar, too, also forms 
occasional shells round the plagioclase. These shells, however, are sel- 
dom complete, and real shells of small albitic grain are observed only 
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within the reddish granites associated with the Loberg type, as seen, 
for instance, at the road leading up to the Loberg village, W. of Alvho. 

The plagioclase, too, is in many types richly pigmented by iron- 
oxide, so that, megascopically, the plagioclase shells, even when present, 
are not apparent. In the gray Loberg type, the plagioclase is almost 
unpigmented, which accounts for the grayish colour of the rock. There 
are two generations of plagioclase as well, one sometimes occurring 
as inclusions within the other. At Loberget, the older generation con- 
stitutes granular shells around the orthoclase, while the younger 
generation is conspicuous as angular lathes in the granophyric base 
last solidified. While the older plagioclase may be an acid oligoclase 
(Anjo_12), the one last crystallized is generally almost a pure albite 
(An,_,) (cf. Pl. XC—XCII). 

The quartz-felspathic base always includes minor percentages of 
chloritized green hornblende together with some biotite and muscovite 
titanite, magnetite, fluorite and apatite. Occasionally — for instance 
at Hemberget W. of Orealv and farther N. at Siikamaki Hill — primary 
crystals of hypersten are still present, although mostly converted into 
hornblende. The violet fluorite is a never absent occupant of the last 
crystallized interstices of the ground mass. The felspars and the quartz 
of the ground mass frequently present idiomorphic faces, — a truly 
Rapakivic characteristic enhanced by the occurrence of the two felspars 
as well as of the quartz in two generations (cf. Wahl, 36, p. 105). The 
most acid members of the Rapakivi series represented at Loberget, 
are strikingly miarolitic, nicely crystallized allanites and titanites as 
well as a few unaxial optically positive zenotime crystals being specially 
noticeable. 

The quartz of the very coarse ground mass of these acid rocks increases 
at times to a predominating amount, the red felspar being confined 
to the interstices between the generally idiomorphic quartz, this leading 
to a texture which may tentatively be called »antigranophyric». 

The quartz of the Rapakivi is always optically homogeneous, indi- 
cating the absence of any dynamical stress affecting the rocks after 
their emplacement. 

Femic minerals occur only accessorily. The augite is pigeonitic 
(/y = 39°, 2Vs50 = 58°, (y —a)ss0 = 0.030) and is mostly altered 
into hornblende or biotite. Hypersten has been observed occasionally. 

The chemical range of composition is given by the appended analyses 
Nos. 92—98 as well as by the Nrecui diagram, Fig. 23. In this latter, 
the reference values of the Strémsbro Rapakivi, the Lappeenranta 
porphyric Rapakivi and the averages of the Viborgite and Pyterlite 
Rapakivis, as computed by WauL, are entered too. While the first- 
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named Swedish Rapakivi agrees nicely with the differentiation sequence 
of the Hamra granites, the line being only somewhat lower, the Finnish 
Rapakivis show distinctly high yc» and »fm» values as well as lower 
yalk». So, too, does the Rapakivitic average magma of Nicext (cf. 2, 
p. 101) which Want criticized as being more nearly related to the alkali- 
lime-granites than to the potassic granites. He emphasized the position 
of the Rapakivis and, especially of the pyterlites, as being the end mem- 
ber of the acid rocks richest in potassium, and this remark may be said 
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Fig. 22. Nieerr diagram of the Rapakivi granites. 


to apply in the case of the Loberg granites also. The low »mg» value 
of the acid members of the Hamra rocks is another striking characteristic 
shared in common with the Rapakivi magmas. 

All evidences, consequently, — tectonic, chemical, mineralogical 
and textural — go to show the true Rapakivi character of these rocks, 
and there is no reason why, in future, they should not be classified as 
Rapakivis. . 

In the diagram of the age-sequence of the Loos-Hamra region, the 
writer has indicated Rapakivis of two different ages, one being the 
parental magma of the lower Dala porphyries, and the other of the 
upper. This division is based on the presence of granite pebbles of 
- Sandsj6 type in the conglomerates of Béssfallet. Field evidence is want- 
ing, however, of granites cutting either the upper porphyry series or 
the conglomerates. The postulation of such a granite is based solely 
on the information supplied by Loosrrém and other colleagues, of 
its presence farther W. of the map. The Rapakivi granites plotted on 
the map have, consequently, all been given the same colour, even if 
some happen to be of different age. Chemically and microscopically 
they are all alike, and it is, at present, impossible to distinguish them 
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Analysis Nr. 92 


Miarolitic Acid Rapakivi Granite from Loberget. (Ls - v- 419.) 
Analyst: R. Blix. 
| Mol. Mode Niggli’s | Osann’s 
7 ue STONE) o System | System 
SiO, 17.29 | 128.69/Q . . 37.84) Quartz 87.38} qz +245 s 84 
INOy, 0.09} O.11/Or . . 28.36] Albite si 515 ABCD 
P,0, 0.00| —|Ab.. 29:37| (Ab, An.) .© 30.814 0.40/C 0.8 
Al,O, 12.24] 12.01] An. 1.69} Microcline . . 27.1] al 48.0 |F 1.0 
Fe,0, 0.73} 0.46)C, .. 0.71} Muscovite and fm 7.0 ja 24° 
FeO 0.34) 0.47! Seal. 97.97 some Chlorite 4.1/c¢ 2.5 le BS 
MnO 0.01) 0.01) Hy, 0.28 | Magnetite O4;alk 42.5 |f 38 
MgO 0.10} 0.25) yy . 0.85 | Titanite . . . 0.8| mg OAR n his 
Cad 0.36] 0.64|Hm TOE ee 0.48)k 1.88 
Na,O 3.48 D.6lal aa 0.16 ~~ | e/fm 0.35 
K,0 4.78| 5.07|= 
5 = fem 1.44 | 
HeO+ 10 0.46| 2.55 H,0 0.4 
99.87 


a er ec 


Quantitative System: I: 3: 1: 83 — Alaskose. 
Osann’s Type: No. 10. Unter Mecklenburg (s 82.5, a 23, ¢ 3.5, 


f 3.5, n 4.6, k 1.83). 
Or: Ab: An — 47.73: 49.48: 2.84. 
Sp. gravity we C: 2.608. 


Analysis Nr. 93. 


Je} 


Fine-grained Rapakivi Granite. Sandsjé Hill. (Ls - 851.) 
Analyst: N. Sahlbom. 
Mol gatas : 
% Prop. Norm — Niggli's Useee ‘ 
x 100 9% System System 
pte a 
Sid, 76.63 | 127.61 | Q 35.43 | Quartz . . . 36.3/qz +206 s 83 
Tio, 0.10) 0.12] Or 30.06 | Plagioclase si 484 Aas 
P,0, 0.00 —| Ab 30.88]  (Albite ti 0.38/C 0.8 
Al,0, 12.67| 12.43] An 1.66] Ab,An,). . 31.5] al 47.0. SEE 
Fe,0, ' 0.78} 0.46/¢C 0.61 | Orthoclase and fm 6.5 ja 24 
FeO 0.36) 0.50|Ssal. 9844| Microcline . 26.3/c¢ 4.0 We 200 
MnO 0.01} 0.01 Hy 0.21 | Muscovite (some alk 42:5 if | 93% 
MgO 0.09} 0.22 | wr 0.87| _Chlorite). 4.0| mg O12) | is 
CaO 0.61) 1.09 | Hn 0.15 | Magnetite DE 0.48;k 1.7 
Na,O 3.57} 5.76 | Tim 0.17| Fluorite... 0.5/c/fm 0.65 
Bios 1 a pe: Fr. O4g | Litantte 0s 
| 2 10 |= 
P fem 1.88 100.0 
O20) dU eet se 
| 100.22 
| Quantitative System: I: 4: 1: 3 — Liparose. 
| H,0-15°| 0.08 Osann’s Type: No. 4. Milford (8 ate a 24, ¢ 2, £4, n 5.4, 
— k 1.74), 


100.80 


Or: Ab: An — 48.40: 48.99: 2.68. 
Sp. gravity ve C: 2.568. 
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Analysis Nr. 94. 
Granite from Ore an, N.W. of Alvho. 
Analyst: N. Sahlbom. 


(Ls - 587.) 


er 


o me Novus Mode Niggli’s | Osann’s 
x 100 0 System System 
Sid, 74.33 | 123.76|Q . . 33.46| Microcline . . 81.0) qz +185 tall 
Tio, 0.30) 0.47) Or. . 30.60] Quartz 32.4 | si 439 A 17.6 
P.O, 0.10] 0.07; Ab. . 27.76] Albite ti L77/C 0.7 
Al,O, 12.98} 12.73] An. 2.50} (Aby, Ang) 28.6 | al 45.0 |F 2.2 
Fe,0, eat OAS * 1.02} Chlorite. .. 5.4|fm 12.5 |a 20.0 
FeO 0.82) 1.14] Ssal. 95.34| Titanite . . VB ce 40 |e 2.0 
MnO 0.04} 0.06] Hy. cea Ores. cas Tijalk 385 |f 8.0 
MgO 0.52] 1.29) wie. 1.14 | Apatite 0.2 | mg 0.37}n 4.8 
Ca,O O.66/) Lisi tin 0.67| Fluorite . . . 0.2/k 0.51)k 1.65 
Na,O 3.26] 5.26) An. 0.26 700.0 |c/fm 0.84 
0 | i 5.17] 5.49 efor. Bi : 
1 ° a © a . 
H,O 0.66) 3.66 H,C 0.66 
99.61 
Quantitative System: I: 4: 1: 3 — Liparose. 
H,O-15?} 013 Osann’s Type: No. 5. Elk Peak (s 81, a 20.5, c 2, f 7.5, n 5.0, 
ee ee k 1.69). 
99.74| Or: Ab: An — 52.28: 45.61: 4.11. 
Sp. gravity a C: 2.605. 
Analysis Nr. 95. 
Rapakivi Granite at Point 462, the top of the hill. North of the road 
north of Loberget Hill. (Ls -v- 450 a.) 
Analyst: N. Sahlbom. 
Mol. teary 
Mode Niggli’s Osann’s 
fe ae aN 4%, System System 
SiO, 70.40 | 117.22/Q 21.02 | Albite qz +92.5 |s 78 
TiO, 0.39} 0.49] Or 87.83| (Ab,,An,) 36.0)| si 306.5) A Si9 
BOs tr: —j|Ab. . 34.60| Microcline . . 34.9) ti 1.52/C 0.3 
Al,0, 14.11| 13.84] An 1.39 | Quartz 21.8 | al 42.0 |F 3.5 
Fe,0, 1.43| 0.90] Sgal. 94.34| Chlorite . 3.6 | fm Ns) en 2A 
FeO 0.90} 1.25] pi 1.45 | Magnetite 2.0 | ¢ Bide ikon 055 
MnO 0.02} 0.03 | wt 1.82| Titanite. .. 1.0|alk 4l.0o|\f 85 
MgO 0.27} 0.67) Hm 0.16 | Fluorite . . (0.7 | mg 0.18|/n 4.9 
CaO 0.99) 1.77| Tim 0.74 100.0 0.51/k 1.36 
Na,O 4.08} 6.58) Pr . 0.68 c/fm 0.47 
K,0 6.35| 6.7415 
H,O+'| 0.41| 2.28 vice a 
EF 0.29) 1.53)" 2° —__—— 
99.60 
a cn a a ER a a a el 
Quantitative se 4.1: 3 — aio NTR ae 
= 108° Osann’s Type No. 17. Sogneskollen (s 78, a 19.5, ¢ 9, 5, 
HOT L016 yy n 7.7, k 1.47). 
99.80| Or: Ab: An — 50.91: 47.19: 1.90. 
Sp. gravity oe C = 2.604. 
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Analysis Nr. 96. 


Syenitic Rapakivi Granite at Myggsjobicken. (Ls-v- 416.) 


Analyst: R. Blix. 
OS 
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Analysis Nr. 97. 


Coarse Syenitic Rapakivi Granite. 


H,O7- 105° 


fale N Mode Niggli’s | Osann’s 
%o rop. Onm : System System 
x 100 % “A sf 

Se) ee 
SiO 66.62 | 110.92 | Q 14.30 | Plagioclase _ | qz +55.5 |s 75 
TiO. 067| 0.84/Or. . 3841| (Ab gAn,,). 384]/si 297.5 |A 89 
P.O, 0.16] O.11)Ab. . 33.52] Orthoclase and ti 214/C 12 
Ai,6, | 1542| 15.13|)4n.. 5.00| Microcline. 33.6/al 40.5 |F 4.9 
Fe,0, 1.23| 0.77| gal. 91.23 | Quartz 5 SLO) in 16.0 |a 18.0 
FeO 1.87| 2.60|pi. . 2.29 | Hornblende and c 8.0 |e 2.5 
MnO 0.09) 0.13|Hy. . 1.95) Chlorite (with alk 35.5 |f © 9.5 
MgO 0.65| 1.61)/mMt.. 1.80 some biotite) 7.0| mg 0.27\/n 4.8 
CaO 1.73| 3.09] 11m 1.95 | Magnetite . . 1.8)k 0.52;k- 1.23 
Na,O 3.94| 6.36) Ap. . 0,33) Titanite . . 18\c/fm 0.53 
K,0 6.51| 6.91 Sfem 7.62 Apatite 0.4 
HOT} 0.98) 5-44) Bonen 9s 100.0 

99.84 

Quantitative System: I. 4: 1: 3 — Liparose. 

H.o-1! 0.31 Osann’s Type: No. 1%. Alby (s is cae c 3.5, £9, n 4,4, 
100.18} Or: Ab: An -- 49.98: 43.57: 6.50. 
Sp. gravity oe C: 2.617. 


Loberget Hill, south of Myggsjébacken 


Brook. (Ls - v- 450.) 
Analyst: R. Blix. 
Z ae woe Mode Nigeli’s | Osann’s 
x 100 2 System System 
65.95 | 109.81|Q . . 16.04| Orthoclase qz +57 s 74.5 
0.60) 0.75|Or. . 38.38] (Microcline) 35.5 | si 293 A 88 
0.12 0.09; Ab. . 31.44| Albite ti 2.11 )'C Sis 
16.18| 15.89; An. . 5.56] (AbjsAn,) . 84.7/al 420 |F 4.0 
1.62 102000 1.02) Quartz . .. 16.5|)fm 15.0 ja 18.0 
1.43) 1.99| Sgaj. 99.44 | Hornblende, c 9.0 sos SO 
0.10} 0.14) Hy, . 1.85] biotite, alk 340 |f 80 
0.58; 144) mt. . 233] chlorite 8.1 | mg 0.25|/n 4.6 
1.85] 3.80) Tim 1.16 | Magnetite 2.8|k 054) Kk 28 
3.70; 5.97) An. . 0.99| Titanite . 1.6\c/fm 0.60 
ae se Fr. . 0,96| Fluorite... 1. 
WHEPI Pye mah ee 
eo 0.38 100.0 
99.41 
Quantitative System: I: 4: 1: 3 — Liparose. 
0.99) Osann’s Type: No. 12. Alby (s 79, a 17.5, ¢ 3.5, f 9.0, n 4.4, 
a k 1.62). 
99.67 | Or: Ab: An — 50.91; 41.71: 7.38, 
Sp. gravity en C: 2.636, 
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Analysis Nr. 98. 
Red Syenitie Rapakivi Granite, close to Tallsjébicken (brook). (Ls - v - 449.) 


Analyst: R. Blix. 
rr 


Mol. 
% Prop. Wen Mode Niggli’s Osann’s 
x 100 9% System System 
— SS —————— 
Si0, 65.08 | 108.36 Q .. 9.19} Orthoclase and qz +26 s 13.5 
TiO, 0.74) 0.93}Or. . 45.04) Microcline . 45.0] si 274 A 9.9 
POr 0.04) 0.03;/Ab. . 34.10] Albite ti 2.28/C 0.1 
Al,0, 15.46} 15.17) An. . 1.67| (Ab,,An,) . 34.7/ al 38.5 |F 6.5 
Fe,0, 2.19 | 1.87|Ssal. 90.00| Quartz ... 7.0/fm 16.5 |}a 18.0 
FeO 1.39} 194|/Di . . 415| Chloritized © 8.0 |e 0.0 
MnO 0.11; 0.16) Wo.. 0.58|  Hornblende 5.8/alk 37.0 |f 12.0 
MgO 0.69; 1.71] Mt. . 9232] Epidote ... 3.4|mg 0.26|/n 5.6 
CaO 1.70} 3.08)/Hm . 0.63| Magnetite .. 22/k Ofo6 | kd 
Na,O 4.04| 652/Tim . 1,.39|Titanite... L7|c/fm 0.46 
m0 on 7.59 | 8.06 fem 9.07 | Apatite 0.2 
2 ee lee IE Dada. 80 100.0 
99.87 
Quantitative System: I. 5: 1: 3 — Phlegrose. 
H,O-1°| 0.38; Osann’s Type: No. 29. Tonseds (s 72.5, a 20.5, ¢ 0.0, f 9.5, 
Fe a n 6.8, k 1.00). 
100.21 | Or: Ab: An — 55.74: 42.20: 2.06. 
Sp. gravity oe C = 2.618. 


from each other. The writer’s earlier view of the Loberg massive’s be- 
longing to the younger group, as expressed on his preliminary map 
1934, is substantiated only by the find of a few strongly metamorphosed 
inclusions within the gray Loberg granite, supposed to be of original 
porphyritic composition. This assumption may be true but is better 
left for future consideration when more is known of the district 8. and 
W. of the present map. 

Finally, a few words may be said as to the relationship between 
the Rapakivi granites and the Dala porphyries. All the field evidence 
combines to show the parental character of the granite. The grano- 
phyric base of the thicker flows of porphyry, and the actually observed 
grading of such granophyric porphyry into granite, with no interposing 
-megmatic joints — as seen N.W. of Alvho and N. of Myggsj6 — 
hardly allow of any other interpretation. 

Reference has already been made to the difficulty, not to say the 
impossibility in many cases, of determining petrologically what is granite 
and what originally may have been part of a porphyry flow. Only 
the field observations of the tectonic emplacement of the rocks are 
conclusive. Close attention has to be paid to the position of the chilled, 
sometimes aplitic, sometimes porphyric, contact zones of the granite 
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in relation to the bedding planes of the almost identical granophyric 
flows. Even then, mistakes are not excluded, as the granite magma 
may have been intruded along the bedding planes of earlier porphyry 
flows. In many cases the joints are so blurred that an intrusion within 
still hot effusives must be assumed. 

Such an intimate connection between granite and porphyry indicates 
one continuous epoch of eruptive activity, and the earlier conception 
of the Rapakivis having intruded »post festum», so to say, when the 
porphyries were all nicely congealed and cool, becomes untenable. 
Microscopically, one continuous series of thin slides can be laid down 
side by side, grading from the dense felsitic porphyry to the coarsest 
granite, without any possibility of finding on examination where the 
true porphyry ends and the granite begins. 

Even chemically, too, the same gradual transition is displayed by 
the appended Nicer diagrams. Figs. 20, p. 289 and 22, p. 293, in 
which the granites and the porphyries overlap but follow identically the 
same trend of differentiation. It is evident that, chemically, they are 
the same rocks, the one, solidified on the earth surface, or nearly so, 
the other congealed under hypabyssal or abyssal conditions, — the 
different lava flows, so to say, reflecting the contemporaneous differen- 
tiation in the magma chambers underneath. 

No lengthy period, allowing of advanced differentiation, separates 
the parental magma and its effusives, as such an interval would un- 
doubtedly have led to discrepancies in the diagram. The intrusion of 
granite at the time when some of the lava flows still retained part of 
their initial heat, as well as the transition from granite to porphyry, 
corroborates this view, and this has led me, when taking into calculation 
the tectonic level of the porphyry caps N.N.E. of Myggsj6, to assume 
a rise of the granitic magma in those parts as high as 1,000—600 ft., or 
less, below the actual surface of those days. The old conception of very 
deep erosion being necessary for the exposal of the granites may, con- 
sequently, not always correspond to actual facts. 

This new point of view is of great importance for the following dis- 
cussion of what was previously termed the sub-jotnian unconformity, 
as it does away with the ve y deep erosion of 6,000—10,000 ft. supposed 
to have taken place for the uncovering of the Rapakivi granites. 


The Jotnian Sediments. 


, The jotnian sediments within the Hamra region are almost all of 
inter-Jotnian age’and have been deposited during a considerable in- 
terval in the magmatic activity, in which period erosion removed 
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some of the earlier lava flows. Only the conglomerates and sandstone 
N. of Djurberga and E. of Myrberget, may be late-jotnian, the tuffitic 
quartz-porphyritic halleflintas underbedding the sediments not being 
connectible either with the younger or the older acid porphyries. Mega- 


scopically, they look true quartz porphyries, but microscopically they are 


found to be mostly tuffs with small quartz pebbles. In one locality, at 
Skraddaredjurberga, a thin bed of volcanic glass has been found, crowded 
with ash and crystal fragments, but the chronologic position remains 
undecided (cf. Pl LX XXIII). There is one single piece of evidence, 
however, pointing to a post-porphyry age i. e., the occurrence, in the 
basal conglomerates underneath the sandstone, of fragments of the very 


_ granophyric quartz porphyry previously identified within the younger 


» 


porphyries at Lusbo (cf. p. 279, Pl LXXXVII). A future extension of 
the survey 8. of the present map will probably supply the definite answer 
to the question of the age of these sediments. Sandstones of late jotnian 
age occur only a few miles 8S. of Helvetesfallet, below the railway bridge 
crossing the Aman River, and a connection between these sandstones 
and the Djurberga area ought to be obtainable. For the present, the 
Djurberga-sediments may be taken as late-jotnian (cf. Pl LX XXVIII). 

Meanwhile, the investigation of the sediments has been concentrated 
on the undisputably inter-jotnian strata. These latter crop out below 
the younger porphyrites, from Sjéandan in the N. all the way down to 
Tallsjébicken at Orealv. They are exposed in the Aman valley, too, 
at the two Béssfallet waterfalls, along the foot and crest of Lillskog- 
berget, at Lusbofallet and in the Lustjarnsberget hillock, S. of Ama- 
dalen. Exposures are found along the road to Orsa, in the river bed of 
Unan and along the Aman river from Emadalen to the waterfalls of 
Helvetesfallet (cf. Pl. LXXXYV). 

The most striking of the localities, as well as those the most easily 
visited, are the lower and upper Béssfallet and the Lusbo rapids, to 
which a new road trafficable by motor car now exists. Together, these 
localities include the whole sedimental sequence. 

At the lower Béssfallet, on the 8.W. shore of the river bed, gray 
tuffitic sediments, too, lie above the effusive porphyry previously 
described (cf. p. 279). These tuffitic schists are sometimes banded 
— pink and greenish layers alternating — and concentrations of magne- 
tite grains within certain zones are conspicuous. Ascending the series, 
occasional, rounded pebbles of porphyry are met with, until the sedi- 
ments turn fairly abruptly into enormous conglomerates. These accu- 
mulations of rounded pebbles, with very little gritty matrix cementing 
them together, reach a thickness of not less than 30—40 m. Sometimes 
the pebbles grow to the size of real boulders. 
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This conglomeratic sedimentation has been known to occur at Diger- 
berget and other localities within the heart of Dalecarlia, and has been 
termed Digerberg conglomerate, or Digerberg sandstone. Loostrém 
interpreted them as a volcanic formation, produced by the rolling of 
rock fragments in the gas stream issuing from volcanic vents, and the 
text-books generally describe them as interformational tuff deposits. 
Already in my preliminary report of 1934 I corrected this erroneous 
conception, and was the first to suggest an inter-jotnian age for the 
sediments. . 

Further research has amply verified this hypothesis. The writer 
has spent days at Béssfallet examining thousands of pebbles, an unusual 
opportunity being offered in 1934 when a new channel was blasted 
through the conglomerates in order to facilitate the floating of timber. 
Unfortunately, the strange beauty of the rapids meandering among 
dozens of small islands, was destroyed at the same time, but the appended 
photographs taken before the operations were started (cf. Pl: CI—CII) 
may give some idea of the earlier erosion channel. The result of the 
classification of about 1,200 pebbles is given below: 


Older acid Dala porphyries. ...... 49.0 % 
Older effusive Dala » ee eee a hey SS 
Older syenitic Dala » Sale A Ghje S aie nO B 
Quartz porphyries.........., aah 008s 
Quartzites’ 4 | io) eee ee 4.0 » 
Pre-jotnian basal conglomerate ..... 0,50 » 
Ritan granite =: .2. ¢eeeeaege ee eee 0.25 » 
Older granites and gneiss granites .. . . 0.25 » 


Total 100 % 


Not a single pebble of green porphyrite was found and only one 
small pebble of a fine-grained diabase. Of the Ratan granite, a big 
boulder (about one m3) protruded from the conglomerates and was re- 
corded on the photograph, Pl. CIT, Fig. 1, before it underwent destruc- 
tion. A few additional, smaller pebbles were uncovered during the 
blasting operations. Two of the pebbles recorded as syenitic porphyry 
were almost, but not quite, »Rapakivicy. Two other pebble scould just 
as well have been Rapakivi granite as porphyry. 

The classification of the pebbles shows that the erosion must have 
occurred mainly within the volcanic area itself, only a very small 
percentage of older rocks having been mixed up with the local pebbles. 


The great percentage of effusive surface-rocks also strongly suggests 
a locally restricted erosion, 


. 
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Mol. eee 
% Prop. Norm Mode Niggli’s 
x 100 % System 
SS 
SiO, 50.41) 83.93}Q.. . . 4.70| Amphibole and qz +3 
TiO, 1.08 1.35 | Or ew 1e78 some calcite, si 131 
EOF 0.13| 0.09] Ab > exe partly  epi- ti 1.98 
Al,0O, 14.61) 14.33} An . 26.06 dotized 40.6 | al 21.0 
Fe,0, 5.66) 3.55|Sgal . . 57.15 | Plagioclase fm 47.0 
FeO 5.91) 8.23 | Hy . 18.29]  (Ab,;An,;) . 40.0] ¢ 25.0 
MnO 0.25) 0.35 | pi . .17.10 | Orthoclase . . 12.7] alk 7.0 
_| MgO 6.69} 16.59| ye 8.96 | Ores .. 65| mg 0.51 
CaO 9.77| 17.42}T1m. . . 9.99| Apatite... 038/k 0.48 
Na,O 1.58) 2.55| An 0.30 ~~ 400.0 c/fm 0.54 
K,0 = 2.14 2.27 | = é 
HQ + 1080 : = Xfem . . 41.04 
an a) \eometen BERG ee 
99.62 
Quantitative System: III: 5: 4: 3 — (Rang Auvergnose) 
H,0-108 |, 0.18 Or: Ab: ae 24.36: 25.95: 49.69. 
99.84 Sp. gravity 4° Cc => 2.993. 
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Analysis Nr. 99. 
_ Tuffitie Ore-banded Ash-sediment, crest of Lillskogberget, (Ls - v - 542). 


Analyst: R. Blix. 
ee 
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Analysis Nr. 100. 


Ash-tuff from Sandsjoan river. (Ls - 610.) 
Analyst: N. Sahlbom. 
Mol. oe ae 
Mode Niggli’s 
% ale Norm 4 Seton 
SiO, 56.47} 94.02/Q. 8.53 | Plagioclase qz —2 
TiO, 0.90} 1.12] Or 22.25| (Ab,,Anz.) . 49.4] si 174 
Ble 0.20} 0.14) Ab 30.92 | Orthoclase . . 22.2] ti 2.04 
Al,O, 17.62| 17.28 | An 20.29 | Ores ae 10:9)\"al 32.0 
Fe,0, 6.41} 4.01)C. 0.10 | Pyroxene and fm 35.0 
FeO 3.56) 4.95 |S sal 82.09| _ amphibole . 10.1} ¢ 14.0 
MnO O25) 90.07 Vay 5.87 | Quartz 6.9} alk 19.0 
MgO 2.81] 5.73 | Mt 9.9¢| Apatite... 0.5) mg 0.30 
CaO 4.25) 7.58] Tim 1.69 100.0| * 0.41 
Na,O 3.65 ree Ap 0.37 c/fm 0.42 
K,0 . pao} 239) 5 tom 4 17:19 
H,0+1% 0.62/ 344/50 | | O62 
| 99.90 
cer acetal ee ee 
99.86 | Quantitative System: II: 5: 3: 3 — Shoshonose. 
H,O718° . 0.30 Or: Ab: save Bi noo. 27.62. 
| l 100.16 Sp. gravity “go C= 2.786. 
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Analysis Nr. 101. 


Tuffitie Jotnian Sandstone, Upper Borsfallet, Eman. (Ls-v- 476.) 
Analyst: R. Blix. 


Hoy Mode Niggli's 
% Prop. Norm % Scatant 
< 1U0 ? e 
iO, 73.10) 12:71) Qi) 2) 2) 46.25 Ouartz eee oo qz + 235 
TG. ‘ 0.34 0.53 Or . . . 28.89} Plagioclase si 433 
PO, ; 0.10/ 0.07| Ab... 892] (Albite). . 89] ti 1.88 
Al,O, 11.97) 11.74] C. . . . 4.89] Orthoelase - » 29.0} al 41.5 
Fe,0, 3.06] 1.92] Sgal . . 88.95 | Diopside, angite, fm 27.5 
0.46} 0.64 ‘ amphibole . 19.4] c 6.5 
FeO . ELV. S eee? o p 
MnO. 0.08; 0.11) wt... @u4g| Fluorite... 2.9) alk 24.5 
MgO. 1.31] 3.25| Hm... 9.74| Apatite, ores. 1.8] mg 0.42 
CaO . IDOI Th. 2. he 100.0 < 0.71 
Na,O 1.06 1.71 Ap . 0.27 e/fm 0.24 
K,0 . 485] 515) pr. |. Laz 
H,0+ 1.69) 9.88 |iy eae 
5 eee 0.49} 2.58 Hoos 1.69 
99.63 
Cag ge Tae ee ac ce 
Quantitative System: I: 3: 2: 2 — Mihalose. 
H.O- 0.37| Or: Ab: An — 76.41: 23.59: 0.00. 
: — = Sp. gravit 20° C = 2.688 
99.95), “PS Gta N tee 


Analysis Nr. 102. Analysis Nr. 103. 
Jotnian Dala Sandstone, Lusbo Rapids. Jotnian Dala Sandstone, eastern 
(Ls - s - 468.) shore of Helvetesfallet. (Ls - v - 537.) 
Analyst: H. von Eckermann. Analyst: R. Blix. 
————_—_—<—_—_—_—_ ee ———_—__—_—————— 
Mol. | Actnal mineral Mol. | Actual mineral 
% Prop. composition | % Prop. composition 
x 100 % | x 100 % 
KS | _--__ 
SiO, 84.70 141.03] Quartzand —_| | si, 85.53 142.41} Quartz . 69.6 
TiO, 0.31] 0.89 grains TiO, 0.24| 0.30] Perthitic 
IEAOF tr. —j of acid Poe tr. — ortho- 
Al,0, 8.16] 8.0L porphyry 68.2 | | Al,O, 7.65 | 7.50 Clase . 22.5 
Fe,0, 0.90} 0.56] Perthitic Fe,0, 1.10} 0.69} Sericitic 
FeO 0.66] 0.92 potash- FeO 0.46| 0.64 mica . 6.1 
MnO — — felspar 24.6] | MnO 0.01} 0.01] Ores . . 12 
MgO 0.16) 0.40} Sericitie MgO 0.37 | 0.92] Iron-oxide 
CaO 0.21) 0.38 mica. 5.4] | CaO 0.20} 0.36 pigmen- 
Na,O 0.20; 0.82] Ores .. 13 Na,O 0.22} 0.36 tation, 
K,0 | 412! 4.87] Iron-oxide K,0 3.538 | 3.75 etc; . 06 
H,O* 5" 0.60| 8.88 pigmen- HO F208 | Orsi B4ab AIA 
EPA 0.10) =| Aations H,0-15°! Oya) 100.0 
ete 0.5 
100.0 
=e SP AR a a — = 
100.12 ; Pp 9 
Sp. gravity a C =2.676 100.29 Sp. gravity oy C =2.678 
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Within the upper part of the conglomeratic beds occur layers of 
homogeneous fine-grained sediments, dipping slightly S.S.E. towards 
the overlying green porphyrite. The contact between the porphyrite 
and the sediments is magmatic, the porphyrite even exhibiting a chilled 
bottom zone. The fine-grained sediment has been analysed (Analysis 
No. 101) and its Nigext-values calculated. They show an increase of 
heavy femic minerals and a loss of alkalic ones, indicating a fair advance 
in the weathering of the then existing rock-ground. The norm is com- 
puted, too, in order to show the lack of correspondence with the mag- 
matic rocks and to further emphasize the impossibility of the earlier 
theory of a volcanic origin. Microscopically, of course, lots of fragments 
of porphyries are found together with the quartz grains, but this may 
be normally expected in the case of an early sedimentation of detritus- 
material within young eruptive areas (cf. Pl. OII, Fig. 2). 

At Béssfallet, the sedimentation has been cut off by the porphyrite 
before it could register any very advanced erosion, but at Lusbo and 
at Helvetesfallet the gradual disappearance of the porphyry fragments 
may be observed, as well as the evolution of the sparagmitic sandstone. 
Analyses No. 102 and 103 clearly indicate a complete breaking down 
of the country rocks, the grains undoubtedly being derived, not only 
from the older porphyries but also from the granites. Optically un- 
homogeneous quartz grains may be traced to the old archean gneiss 
granites (cf. Pl. LXX XIX). 

The sediments N. of Bossfallet, on the other side of the big E.W. fault, 
(cf. p. 146) are exposed along the river bed and are similar to the one 
of the lower Bossfallet, only being more greenish in colour, due to the 
presence of chlorite. Microscopically, they are composed of rounded 
optically homogeneous quartz grains and of fragments of porphyry 
cemented together by fine ashes. This sedimentation has unmistakably 
taken place under water, as is evidenced by the flow-structures of the 
ashes between the fragments, even »micro-current beddings» have 
been observed. Identically the same texture is encountered in the ash- 
deposits on the eastern shores of Tandsj6 Lake, excepting that quartz 
grains are almost absent, the sediments, consequently, being mapped 
as tuffs. S. and E. of Lillhamra river, younger levels of the same sedi- 
3 ments, fairly rich in quartz pebbles, are exposed, thus giving a motive 
for their being recorded as jotnian sandstones. 

The top of Lillskogberget is of special interest. The fairly quartzose 
sediments which, in the hill, measure an unbroken and undisturbed 
vertical succession of not less than 110 m. thickness, are here inter- 
foliated by beds of rather basic ashes. The ashes consist of small, even 
grains of grayish porphyry groundmass, and crystal fragments cemented 
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by amphibolitic substance; vesicular fragments, rich in mangan-epidote 
being conspicuous. The felspars of the groundmass, on very high 
magnification, have been found to be of about An;; composition, indi- 
cating their affinity with the green porphyrites. The ashes may be 
supposed to register the inauguration of the late-jotnian porphyritic 
renewal of the volcanic activity. The ashes are banded, layers of rounded 
magnetite grains being quite conspicuous. Analysis No. 99 gives the 
chemical composition. 

It is interesting to note that, in this case, the ashes have evidently 
not been resedimented, as the analysis, recalculated in Nreert-values, 
agrees nicely with the porphyrite from Korsiberget, analysis No. 91. 
The same may be said about the green ash tuffs, too, at Sandsj6an 
stream, analysed as No. 100. These ashes are almost free from pure quartz 
grains. The Niaeri-values of the analysis compare favourably with 
those of the red porphyrites, analysis No. 87, for instance. 

Finally, the whole sequence from the tuffitic bottom layers through 
beautiful conglomerates and more quartzose sediments may be studied 
at a third locality by those who care to climb the steep S.W. face of 
Lustjarnsberget. At the same time they will have the advantage of 
crossing the basal conglomerates of the Dala series deposited on the 
eroded surface of the Ratan granite, and of admiring a splendid view 
from the top of the hill. 

Small remains of the series are encountered at a few places within 
the region where they have been preserved by down-faulting. Only 
two of these are large enough to be reproduced on the map, viz, the 
one at Tallsjébicken, which is derived from a layer fairly high up in 
the succession, containing about 30 % of rounded quartz grains, and 
the other one at Flirksjén representing almost pure sandstone. 


The Doleritic Diabase. 


The Normal Type. 


This rock has not previously been known to occur over any large 
areas within the region covered by the map, only a few short dykes 
having been indicated by Loosrrém in his sketch map. Farther S. 
and W., however, where the intrusive Asby diabase and extrusive 
Oje diabase interfoliate and cap the great jotnian sandstone area of 
Dalecarlia, they were earlier made the subject of special studies by 
TORNEBOHM in 1882 and OxtvecRona in 1920. Loosrrém, in 1919, 
described the field relations of an Asby diabase dyke intruding into 
the Dalecarlian sandstones along their bedding planes, and inter- 
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jotnian sediments, Tandsjé. Arrows indi- 
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Tuffitic Jotnian sediment from the E shore of Lake Tandsj6n. 
Ord. light. Magnif. X 55. 
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Pebble of Lusbo granophyre within Jotnian conglomerates at Djurberga. 
pay re ma s 
Nic. +. Magnif. X 40. 


GEOL. FOREN. FORHANDL. Bd 58. 1246, IDROSOOWARNE. 


* 


i ga 


Sa S 


eof 


Fig. 1. Jotnian sediments at contact (arrows) to porphyry, from Villsjéarna. 
Basal portion of sediments rich in quartz grains. Ord. light. Magnif. x 10. 
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Bios 2) Quartzose Jotnian sediments at Djurberga. Light-gray and dark- 
gray larger grains consist of porphyry- and porphyrite fragments respectively. 
Ord. light. Magnif. X 10. 
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Jotnian sandstone at Helvetesfallet. The three big dark grains are felsitic por- 
i phyry. Ord. light. Magnif. x 55. 
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Mig. 1. Syenitie Rapakivi granite from Tallsjdbiicken. To the right, orthoclase 
shells around plagioclase. Ord. light. Magnif. X 10. 
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Rapakivi granite fr 0% 
pakivi granite from road to Loberget Cottage. To the lower right, idiomor 
, © “ts j Ts . a = : 
phic quartz grains. Nic. +. Magnif. X 10. 
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Coarse-grained doleritic diabase south of the E 
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Fig. 2. Alkaline diabase from Keskinenmaki, south of Noppikoski. Blac 
crystals are olivine-pseudomorphs. In the centre, white plagioclast 


within a gray anorthoclasic orthoclase base. Nic. +. Magnif. X 40. 
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Fig. 1. Monzonitie doleritie diabase from Helvetesfallet. Upper centre, 
elongated pyroxenes. To the right, dark iron-one rods. 
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Fig. 2. Monzonite at Emadalen. Ord. light. Magnif. < 10, 
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secting, as a vertical fissure dyke in a northerly direction, the Bredvad 
porphyry and Garberg granite for a traceable length of more than 40 
km. No petrographic details were given, however (cf. 22). 

The field relations of the Loos-Hamra diabases are strikingly similar, 
Their maximum length surpasses even that of the »Asen dyke», and 
their southern extensions at Helvetesfallet interfoliate the sandstone 
beds. To the earlier known tectonic emplacement of the doleritic dia- 
bases there has been added a new feature, however, resulting from the 
present mapping. A glance at the appended map will immediately 
show their occurrence as a rock, brecciating on a large scale, and also 
the unexpectedly large percentage of the jotnian area occupied by 
them. 

From being at the outset considered as quantitatively unimportant 
members of the magma suite, they have, as the mapping proceeded, 
gradually been found to surpass even the masses of jotnian granite 
represented within the region, and if the intrusive sheets within the 
sandstones are taken into account and all hidden occurrences were 
known, their volume would be considerably larger than is pictured on 
the map. 

In the preliminary report of the Loos area, attention was called 
to the previously unknown occurrence of two distinctly different 

‘ages of doleritic diabases, the older represented by fragments within 
the inter-jotnian tuffitic sediments, and brecciated by the green por- 
phyrites of the later jotnian extrusion, while the younger brecciates 
the porphyrite, too. By T6éRrNEBoum the presence of two distinctly 
separated eruption periods was already assigned to the diabases of the 
late jotnian sandstones, one earlier, effusive, represented by Oje diabase 
on top of the lower part of the sandstone, and one later, intrusive, re- 
presented by the Asby diabase interbedding the subsequent sedimen- 
tation deposited on the top of the former diabase. A definite period 
must have elapsed between the two, as the weathering out of the amyg- 
dales of the Oje diabase has produced the well-known agate conglo- 
merates of the upper sandstone. 

No evidence is obtainable within the present area to answer the 
‘question whether the hiatus marked by the erosion of the Oje diabase 
corresponds to the conglomeratic inter-jotnian sedimentation of the 
Hamra area, or if we may have to reckon with three subdivisions of the 
jotnian and, consequently, with three different periods of diabasic 
eruptions. The Oje diabase being of somewhat different mineralogical 
and, probably, of varying chemical composition, too, this latter theory 
may seem possible, but, on the other hand, a closer study of this rock 
may possibly disclose that the discrepancies are solely due to the normal 
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development of the differenatiation within an effusive phase. As a 
tentative hypothesis, however, the writer has assumed a three-fold 
division of the diabasic eruptions, when computing the chronological 
diagram given in Fig. 3, p. 155. 

To the magma-suite of the later Asby diabases there may, in any 
case, be referred the monzonite which cuts the porphyrite, as well as 
the diabase interfoliating the sandstone at Helvetesfallet, both fully 
described in the following chapter. 

In the author's preliminary report, the latest Asby diabases, capping 
the youngest Jotnian sandstones of Dalecarlia were assigned to a post- 
Jotnian age, thus adhering to the opinion obtaining among Scandinavian 
petrologists ever since TORNEBOHM’s and HécBow’s classification of the 
Oje diabase as Jotnian, and of the later diabases as post-Jotnian 
believed to have erupted at the close of the great Jotnian sedi- 
mentation period. 

In the present paper, however, no mention is made of any post- 
Jotnian diabases, as in the writer’s opinion they are all Jotnian. 
The reasons for his deserting his old point of view are given in full 
in the following chapter. 

When mapping out the diabases, however, the author has not been 
able to distinguish the younger rocks from the older ones, as no reliable 
difference in textural, chemical or mineralogical properties has been 
discovered which allows of sufficient grounds for such a division. The 
field evidence, again, is far too insufficient, probably due to the easy 
weathering of the diabases, leading to their contacts being extensively 
covered by drift and talus. 

One locality may be mentioned, however, as it caused a lively dis- 
cussion last year, when two of my colleagues paid a visit to the field. 

N.W. of Emadalen, on the northern bank of the Aman river, big 
inclusions of fine-grained diabase are found within a green porphyrite. 
They resemble fragments of a thin sheet of diabase, brecciated by the 
porphyrite (cf. Pl. XCVIII, Fig. 2). 

The suggestion was made, that they were parts of the chilled contact 
of a doleritic diabase occurring some hundred metres upstream, broken 
loose and embedded in the porphyrite as a result of the activation of 
the wall rocks. 

At Alvho railroad bridge, where a large mass of diabase intrudes 
into the porphyries, such an activation is observable on a small scale, 
i minute strings of porphyry entering the diabase to a depth of a few 
inches at the contact. In the case of Aman, however, the supposed 
remelting would be in inverse proportion to the amount of intruding 
magma, which does not seem reasonable. 
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Analysis Nr. 104. 
Doleritic Diabase, Stensjéberg Hill (Ls - 137). 
Analyst: N. Sahlbom. 
EE ee 


| Mol. ie ee 
o Prop. ain M od e Niggli’s Osann’s 
x 100 of System System 
a a 
SiO, | 46.00] 76.59|Or. . 5.54 | Plagioclase. . 47.8 qz — 25 s 50.5 
Tio, | 2.40] 3.00) Ab. . 19.42} (Ab, ,An,,) si 99 A 3.0 
PSO; 0.35| 0.25|/An. . 28.92] Pyroxene . . 27.7| ti 3.87|C 6.6 
AlZO, 15.389) 15.10] 3 gal. 53.88| Olivine . . . * 9.2/al 19.56 | F 30.1 
Fe,0, 2.44] 1.58/Di . . 11.67| Biotite ... 7.1l/fm 53.0 la 2.5 
FeO 12.78| 17.79 Byc ek. 2708 | OFS ws TB FO 21.5 |e 5.0 
MnO 0.01} 0.01|/Q] . . 1849| Apatite... 0.9| alk 6.0 |f 22.5 
MgO 8.18} 20.29|mMt. . 3.59 100.0 | ™s 0.49|n 8.0 
CaO 9.28| 16.46 | Tim 4.56 ad i O.21;k 0.82 
Na,O 2.32) 3.74) An. . 0.91 c/fm 0.40 
KO | O91} 09715 sn dete 
+ oO o7 i . 
H,0 0.27 1.50 H,0 F 0.27 
100.31 | 
re a a a eT re Ba are NL 
Quantitative System: III: 5: 4: 4 — Auwvergnose. 
Osann’s Type: No. 93. Krustorp (s 51, a 2.5, ¢ 5.5, f 22, n 7.5. k 0.84) 
H,0-1| 0.10 Or: Ab: An a 10.28: 36.04: 53.68. 
B= 1100.88 | Sp. gravity “yo C: 3.042 


Analysis Nr 105. 


Doleretic Diabase, from the S. E. slope of Acksjéberget Hill (Ls - 511). 
Analyst: N. Sahlbom. 


| 
Mol. reg ; 
Mode Niggli’s Osann’s 
ie rate a % System System 
sio, 47.20} 78.59|Or. . 9.49] Plagioclase. . 43.3) qz — 22 s 54 
TiO, 2.70| 4.983) Ab. . 22.23) (Ab; An;,) Steel A 3.9 
©.0; 0.35{ 0.25|/An. . 26.14] Pyroxene . . 29.2) ti G0 Caos 
Al,O, 15.68} 15.88|S sal . 58.16| Amphibole. . al 22.0 | EF 25.7 
Fe,0, 3.51| 2.20|\pDi . . 14.20/Chlorite. . . }101)/fm 46.0 ja 3.5 
FeO 10.77| 14.99) Hy. . 8.50) Serpentine. . c 20104 Com O10 
MnO 0.18} 0.25/01]... 6.51] Orthoclase. . 6.1 | alk 8.5 |f 21.5 
MgO 5209! 12.62.) weet 5 09)| Ores. 2). 9.0) mg 0.389|/n 7.2 
| CaO 9.63) 16.64/1im . §.72| Quartz... 241k 0.28/k 0.88 
Na,O 2.65/ 4.28/ Ap. . 0.91| Apatite . . . 0.9|c/fm 0.51 
x0 1.68) 17315 fem 40.98 100.0 
13 Oe 0.70| 3.89 H,O . 0.70 
| 99.79 
oe Sails OE a el ge A ee ee eee 
uantitative System: III: 4: 3: 4 Vaalose. 
Spa Type: No. 92. Kinnekulle (s Sah: se c 5.5, f 21, n 8.0, 
k. 0.86 
H,0-18" | 0.16 Or: Ab: An ay 16.32: 38.74: 44.94. 
99.94 Sp. gravity 4° C: 2.968. 
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Analysis Nr. 106. 


Doleritic Diabase, eastern shore of Aman River, south of Helvetesfallet 
(Ls - v - 562). 
Analyst: R. Blix. 


0 Hie Noe i Mode Niggli’s Osann’s 
" 100 4, System System 
SiO, 48.65) 81.00/Q .. 2.88] Plagioclase . 47.1} qz — 10 Smoosd 
TiO, 2.44| 3.05/Or.. 6.18| (Ab,,An,,) si 120 | Ale 
POs 0.43| 0.30; Ab. . 21.47| Pyroxene . . _22.5/| ti 4.60/C 5.6 
Al,O, 14.02| 13.75|/An. . 23.64) Talk, ee 9 | al 20.5 | F 261 
HesOs 8.85| 2.41|/S sal. 54.19| Amphibole. fm 51.0 |a 3.0 
FeO 10:90) 15:17 | typ 9 Son Ores lee OS TAC 20:Deal Camaro 
MnO 0.19} 0.27) Hy . 29.54] Quartz ... 41) alk 8.0 |f 22.0 
MgO 5.62) 13.94|/ Mt. . 5.58] Orthoclase. . .7| mg 0.41) n 49 
CaO 7.62| 13.59|Tim . 4,67| Apatite .- . 1.0)K 0.21;k 0.97 
Na,O 2.51) 4.05|/pr. . 0.98 ~y00.9 | c/fm 0.40 
K,0 1.04 1.10 Ap. . 0.99 : 
1K aia ILA! | Se 
2 X fem 43.438 
Ss) 0.14 0,44 
noe 
99.66 


99.52 | Quantitative System: III: 5: 3: 4 — Camptonose. 

Osann’s Type: No. 92. Kinnekulle (s 53.5, a 3.5, ¢ 5.5, f 21.0, n 8.0, 
—0=S]} 0.07 : k 0.86) 
H,0- | 0.95 Or: Ab: An ae 14.03: 35.58: 39.86. 


Seo, Cb) 
99.70 Sp. gravity 4° C: 2.918. 


As the locality is important as evidence of the occurrence of diabase 
of older age than the porphyrite, it was made the subject of a detailed 
study. 


Thin sections were prepared of the diabase inclusions at right angles 
to the surfaces of the supposed sheet. They showed a diminishing 
size of grain towards both surfaces and a coarser grain in the middle. 
Consequently, the fragments are not parts of the chilled surface of a 
larger dyke, but were originally cast as a sheet in a »mould» formed by 
older beds, between which the diabase has intruded. It is suggested 
that this »mouldy may have been inter-Jotnian sediments, 

The porphyrite was further studied in thin sections close to the in- 
clusious and also at some distance. It proved in both cases to be a 
normal micropoikilitic felsitic porphyrite, — the base showing no signs 
of thermal metamorphism. Reference has previously been made to 
the »milky-way» texture of the porphyries bordering on the diabase at 
Alvho (cf. p. 280, 289). No such secondary alteration of texture was 
found in this case, which the author, consequently, believes to be a 
true case of primary brecciation. 
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Three analyses, Nos. 104—106, of the normal doleritic diabase have 
been made, the first two representing dykes, probably feeding channels, 
or larger extrusions exposed within the old gneiss granite and Ritan 
granite areas respectively, the last one being that of the interbedding 
diabase at Helvetesfallet, to which reference has previously been made. 

Megascopically, the three rocks are of a very uniform aspect, while 
microscopically, as shown by the mode, the primary olivine of the 
two latter is completely altered into tale, amphibole, chlorite and ser- 
pentine. Increasing amounts of orthoclase and quartz, too, accompany 
the increasing acidity of the rocks. In every Instance the texture is a well- 
developed ophitic one, the main primary constituents being plagioclase, 
_ 4 pigeonitic titanium-augite and olivine, and the accessories orthorom- 
bic pyroxene, alkalic felspar, biotite, titaniferous ores and apatite. 

The composition is, undoubtedly, doleritic and the rocks should 
correctly be termed dolerites, — a nomenclature already employed 
by Kroxsrrém in his papers on the corresponding rocks of Central 
Sweden. I prefer to compromise, however, the name »olivine-diabase» 
having been so extensively used in Swedish petrology for this very type 
of rock, that a sudden change might be more confusing than helpful. 
Consequently, I have classified them as doleritic diabases. 

The plagioclase is generally quite fresh, markedly zonal, and twinned 
_ according to the albite, karlsbader, and pericline laws. Other types of 
twins are very rare. The zoning is sometimes retrogressive; for instance, 
N.W. of Emadalen, where the composition grades from Ang, in the 
kernels through An,;, in the middle zone, to Ang in the margin. The 
usual range of composition within the crystals is about 5—8 %, but 
exceptions occur, such as in a sample from Helvetesfallet, where one 
large plagioclase crystal was found to be An,, in the core, while the 
marginal part was only An,, (cf. Pl. XCIII). 

The average anortite-content undoubtedly increases southwards 
within the region, even if this is not clearly expressed by the analysed 
samples. 120 slides from different localities indicate an average value 
of 55 % An within the big dyke in the N., increasing to about 60 % at 
‘Stensjoberget, and reaching 70 % at Helvetesfallet. Simultaneously 
the maximum individual percentage reaches higher values such as 78 
—80 % at Helvetesfallet and Emadalen. 

On the other hand, smaller dykes, wherever they occur, generally 
display lower basidity, such as at Keskinenmiki, 8. of Noppikoski, 
where Ang; is the normal value of the plagioclases of the centre of the 
dyke, while An,; 59 prevails in its narrower extensions. 

When present, the potassic felspar occupies the interstices either as 
an orthoclase or an anorthoclase, rarely showing any perthitic growth. 
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The titanium-augite is slightly pleochroic in a reddish brown colour, 
and the chemical composition must cover a fairly wide range, from 
almost clino-enstatitic-hyperstenic composition to augites rich in 
alumina. The following optic determinations fittingly illustrate this 
instability, which sometimes occurs within one and the same crystal: 


Locality No, 550 ly 550 ZV cne Character 
Acksjéberget . . . 1.685 32° 30’ 44° 45’ augitic 
Risberget ... . 1.700 36° 43° » 
StensjOberget . . 1.695 39° 55° 30° » 
GensjOberget. . . 1.715 37° 80’ 48° 20’ »  pigeonite 
Keskinenmaki . . 1.695 35° 30’ 32° 30’ pigeonitic augite 
Emadalen . . . .1.660—1.730 36—2° 5—60° pigeonitic to hyper- 
stene (42 % Fe.05) 
N.W. Emadalen. . 1.695 30—31°  35—40° titanium-augite 
» ges k- 660 25—27° 815° clino-enstatitic pi- 
geonite 
S. » ot 00 27—30°  40—50° titanium-augite 
S.H. » wee, 3790 38° 50° 30’ augite 
Helvetesfallet . . 1.665 27—30°  10—15° clino-enstatitic pi- 
geonite 
» wee L680 29° 30’ 39° 30’ titanium-augite 
» pert pL. BOG 30° 39° 30’ » » 
» eae OG 31° 41° 10’ » » 
» a. 1.696 a1F 40° 20’ » » 


Very puzzling, to say the least of it, are the pyroxenes simply called 
»titanium-augites». Their optical character agrees neither with pigeo- 
nites nor with diopsidic augites, nor have they any correspondence in 
the dolerites described by Kroxstr6m (19). They will be made the sub- 
ject of a special study in a coming paper. The refractions given above 
are to be taken merely as approximative values, the determination 
having been carried out by the Nixirrn method on the universal stage. 

The orthopyroxene is the somewhat older of the two pyroxenes and 
was more easily subjected to autometamorphic changes during the 
late magmatic stage of the congealing. It sometimes occurs in parallel 
intergrowth with the clinopyroxene. The colour is pleochroic, from a 
faintly greenish to a slightly reddish colour, and the axial angle varies 
somewhat, the average of ten determinations being 2V = 58° + 4°, 
indicating according to WINCHELL a composition of 46 % FeSiOs. 
KroxstroM found the orthopyroxene of his rocks from the Breven- 
dyke to occur in even greater abundance than the clinopyroxene, 


-* 
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but in the present case the former pyroxene is, if it occurs, an almost 
accessory constituent. 

The composition of the olivine varies within narrower limits, 74°— 
84°. At Helvetesfallet an optical angle of 77°30’ was determined, 
De 550 being 1.740 + 0.005, corresponding to about 42 % Fe,Si0,-N.W. 


‘of Alvho, the diabase shows secondary reaction rims of an olivine poor 


in FeO, the original mineral having 2V = 78° 10’ and the secondary 
mineral 86°, indicating a variation between 39 % and 25 % FesiO,. 

Occasionally, the olivine is wanting, the total absence of secondary 
decomposition products proclaiming the presence of an originally 
olivine-free phase of the diabase. This, for instance, is the case N.W. 
of Emadalen, where the rock grades, however, into the monzonitic types 
described below. 

The alteration products of the olivine are generally grouped concen- 
trically in the following order, counting from the centre of the pseudo- 
morphs: (Iddingsite) tale — actinolitic amphibole — serpentine. In many 
cases these zones overlap, but whenever they are separated the same 
sequence reoccurs. The ores thrown out at the metamorphism are con- 
centrated mostly at the previous outlines of the olivine crystals. Oc- 
casionally the actinolite is replaced by a green chlorite. The colourless 
or green serpentine forms narrow rims surrounding the metamorphs. 

The biotite is rich in iron, and is of the high yellow-brownish colour 
which is the typical one in this type of rock. It is found to be crystal- 
lized mostly in close association with titano-magnetite adjoining, or 
even surrounding, the latter. 

The quartz, when present, is symplectitically intergrown either with 
orthoclase occupying the last granophyric interstices of the rock texture 
or with plagioclase as narrow marginal rims. The ophitic texture and 
the mineral-constituents of the diabases are generally very uniform. 

An exception, however, has been noted at Keskinenmaiki, where 
two distinct generations of plagioclase occur, blurring the ophitic ar- 
rangement. The second generation, An;;, lies as small lathes within 
an anorthoclasic non-perthitic base. The titanium-augite is almost 


_ accessory, and the texture, consequently, sub-ophitic. A green pigeonitic 
- augite occurs either independently as idiomorphic grains or surrounding 


the previously mentioned pyroxene. A fair amount of reddish-yellow 
biotite is conspicuous. The general impression of the texture is that 
of an anorthoclase-base (extinction Ly/P = 9°; (010)/P = 10°30’), 
wherein all the other components float, so to say. The association be- 
tween this light colour type of rock and the normal dark-gray diabase 
at Keskinenmiki seems to be one of gradual differentiation, no magmatic 
contact having been found. No analysis has been made, but there 1s 
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hardly any doubt of the rock being unusually rich in alkalies, thus con- 
stituting a border case towards an alkaline differentiation (cf. Pl. XCV, 


Fig. 2). 
The Albitic Type. 


This alkaline character is still more emphasized in the equigranular 
greenish-gray dyke cutting the Noppi quartz-porphyries, about 500 
m. W. of the Oredly bridge. This dyke is undoubtedly of Jotnian 
age at least, as no traces of stress are observable within the texture. 
The dyke lies within the strike of the diabase at Keskinenmiki, and may 
constitute a connecting link with the diabase E. of Tallsjén. Its tecto- 
nical emplacement suggests, consequently, a close association with the 
doleritic diabases, while the chemical composition would have been 
puzzling but for the previously described alkaline differentiation of the 
Keskinenmaki dyke itself (cf. Pl. XCVII, Fig. 2). 

Analyses Nos. 111 and 112 give the composition as well as the mode. 
The high alkali content compared with the low silica, »qz being only 
»— 32», together with the nephelite in the norm, constitutes a strong 
alkaline feature. The lathe-shaped plagioclase is an almost pure albite 
set in a trachytic rather than in a diabasic texture. The pyroxene is 
colourless or slightly greenish, well-crystallized in small prisms, and of 
the following optic constants, corresponding to a pigeonitic diopside: 
Ng sso = 1.660 + 0.002; (ya) 559 = 0.024;9 9 = ST 2V iro 
The anorthoclasic potassic felspar ((010)/P = 8°30’) is seen in hand 
specimens as small red spots, the colour being derived from a pigmenta- 
tion by iron-oxide. The mineral occupies, together with carbonate, the 
last solidified interstices of the rock. Occasionally, however, idiomorphic 
crystal-skeletons, of up to 1—2 cm. in diameter, are conspicuous on 
fractured rock surfaces. The green pleochroic chlorite seems to approach 
a delessitic composition. The carbonate within the pyroxenes is dolo- 
mitic and occurs, partly as a primary late magmatic mineral and partly 
as a secondary alteration product. The rock is of a clearly effusive cha- 
racter, as is emphasized by rounded vesicles filled by epidote, carbonate, 
prehnite and chlorite. The prehnite shows the following optic values: 
Or 7, 2V 550 = 49° 306 (y — a@)ss0 = 0.021; Ngss0 = 1.626. Conse- 
quently, the optic angle is rather small. 

This vesicular porphyritic diabase may be supposed to have filled the 
feeding channel of an extruded rest-differentiate, very rich in alkalis 
and carbonic acid. Its albitic character is comparable with the albitic 
pegmatites, described by Hotmguist as a late differentiate of the olivine 
diabase of the island of Gubben, to which reference has already been 
made when discussing the andesinite-dykes of the Loos greenstone. 
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Analysis Nr. 107. 
Monzonitic Doleritic Diabase, Vassjéan Brook (Ls - v - 209). 
Analyst: R. Blix. 


Mol. | 
0, Prop. | Norm | Mode Niggli's | Osann’s 
- 100, | of System System 
SSS a a a a 
Sid, | 49.47] 82.37|/Or . . 16.15] Plagioclase qz —22 |s 57.5 
TiO, 0.93; 1.16)/Ab . . 26.21} (Ab,,An,.) . 49.6 | si 126 |A 5.4 
PO, 0.50} 0.85|An . .23.39| Pyroxene . . 20.5| ti 1.78)0 5.8 
Al,O, 16.62} 16.830|Sgal_ . 65.75 | Serpentine. . 14.7] al 25.0 |F 19.8 | 
Fe,0, 2.87/ 1.80|pi . . §gg/ Orthoclase . . 10.0/fm 42.0 |a 5.5 
FeO O16, S8.66)yy . . daa Ores ~ 2... 29] 2 ACO MC emmOro 
MnO 0.18; 0.25/07 . . 974| Apatite... 1.2/alk 12.0 |f 19.0 
MgO | 5.99] 14.86] ue . . 416] Titanite. .. 1.1/mg 0.55)n 42 
CaO Deere ISCh igi oo 174 | ~~ 100.0 k 0.37/k. 0.90 
Na,O 3.08 | 4.97 Pr .. 0.39 “| ¢/fm 0.50 
K,0 | 2.73| 2.90 Ap 1.24 | 
Peo Toe) 2:88] 15.99 ¥ fem . 30.60 | 7 
S Hise Wee | 
| | H,0. . 2.88 
99.23 
99.25 | Quantitative System: II: 5: 3: 4 — Andose. 
| Osann’s Type: No. 57. Mte. Austida (s 59.5, a 5.5, ¢ 4.0, f 20.5, 
Pye 4-607 | n 6.9, k 0.94). 
HO —110° 0.37 Or: Ab: An — 24.56: 39.86: 35.58. 
ee : 20° 
99.55 Sp. gravity 4p C: 2.832. 


Analysis Nr. 108. 
Monzonitice Doleritic Diabase at the bottom of the Canyon of Ama River, 
south of Alvho Station (Ls - v- 409). 
Analyst: N. Sahlbom. 


Mol. AS; 
Mode Niggli’s Osann’s 
: eat ae 4%, System System 
sid, 52.22| 86.95] Or . . 13.89] Plagioclase qz —10 |s 56 
TiO, 0.77} 0-96) Ab . .23.04| (Ab,,An,,) . 41.8) si 130, | Ay 407 
P.O; 0.15| O.11|/An . .1863|Augite .. . 22.1/ ti 1.50/C 4.0 
Al,O, 13.82 | 13.56} Ysa] . 55.56 | Amphibole and al 20.5 | F 26.2 
Fe,0, PUSH Mls Sitiie 14595 Serpentine. 17.3) fm 49.0 ja 4.0 | 
FeO 5.81) 8.09) Hy . .17.09| Orthoclase. . 13.8] ¢ 20.6 |e 3.5 |} 
MnO eileen 240 eee Sau OTESe sai eee. G) alk 10.0 |}f 22.5 
MgO 8.97| 22.25|mMte .. 3.0¢| Apatite ... 0.4|mg 0.67) n 6.8 | 
CaO 4.66) 13-661 qm. | £49 400.0 /* 0.36) k 0.91) 
Na,O 2.70| 3.76/Ap . . 0.82 | Oni 0.41 
K,0O 2.83| 2.87) Stem . 41.29 
HO) 2055) 295 | 16.38 B.0 : 296 
99.78 
a om eel eee a eee eee Cel 
Quantitative System: III: 5: 3: 4 — Camptonose. 
Osann’s Type: No. 86. Ragon (s sap a 3.5, c 4, f 20.5, n 6.2, 
k 0.80). 
Hi, O- 105° 0.40 Or: Ab: An Bee ee: 41.47: 33.53. 
Sp. gravity 4° C = 2.834. 
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Analysis Nr. 109. 
Monzonitie Doleritic Diabase from Lustjaérnsberget Hill (Ls -s - 188). 


Analyst: R. Blix. 
i — ———— 


Mol. Mode Niggli’s Osann’s 
fe as EE Be %, Sy atout System 
2S 2 ee eee a 
sid, 53.12) 88.451/Q. . . 6.79} Plagioclase qz +0 js 61 
TiO, 9.43| 3.04/Or . .16.78| (A, Amy) . 39.1) 81 152 As eae 
EO), 0.59| 0.42|/Ab . .22.56| Pyroxene . . 23.4| ti 5.15} C 3.9 
Al,Os 13.36| 18.11]An . . 16.13] Orthoclase. . 16.7 | al 22.5 |F 211 
Fe,0, 2.68) 1.68) Segal .62.21| Amphibole. . 7.5|fm 45.0 |a 65.0 
FeO 198-9 155281) 7)7 Ogi) LCS ee tee aac 19/55 ome AsO 
MnN 0.24) 0.84) Hy . .16.23| Quartz .. . 5.5 | alk 13.0 |f 21.0 
MgO 2.92) 7.24/Mt . . 3.90| Apatite... 1.4/mg 0.27/n 5.9 
CaO 6.26] 11.16|/Tim. . 4.59 300.0 k 0.41;k 1.05 
Na,O 2:68)|, 4321p mean) ps ~ | c/fm 0.43 
pel 8.04 Aire 1.88 
eae ge Sfem . 36.23 | 
~) 0.25 0.78 HO... 1.26 | 
99.70 | 


99.63 | Quantitative System: II: 5: 3: 3 — Shoshonose. 
Osann’s Type: No. 19. aa (s G1, a 4) je-4.5, f 21.55 natebs 
k 1.12 J 


—O= 07 2 7 
Fo-—| Ogg | OF: Ab: An — 30.19: 40.71: 29.10. 


— 4 2 
100.22 | 5P- gravity “ C: 2.924. 


Analysis Nr. 110. 
Monzonite, from Emadalen at the bridge across Aman River (Ls - v - 695). 
Analyst: R. Blix. 


: eae Seen Mode Niggli’s | Osann’s 
x 100 of system system 
SiO, 57.84) 95.47/Q . . 4.69] Plagioclase qz +45 |s 65.5 
TiO, 135] 1e9/Or . . 23.93; (Ab,,An,,) 43.2/si 1885 |A 7.2 
IPO 0.26 0.18; Av . . 33.04] Augite and iit 3.86) Oy, 22 
Al,0, 14.21} 13.94; An. . 9.18) Hornblende al 21.5) | Rukos: 
Fe,0, 1.42] 0.89] Sgal . 70.84| (Pseudomorphs fm 37.0}a 8.5 
FeO 10.15; 14.13|/pi . . 5 g9| of augite)* 25.0/c¢ 14.5 |co 2.5 
MnO 0.23} 0.82|/ Hy . , 14.83| Orthoclase . 22.0/alk 210 |f 19.0 
MgO 0.98| 248/ Wo. . 116} Ores*. ... 4.7) mg 0.13}n 5.99 
CaO 4.15} 7.40|Mt.. Q07| Quartz... 3.6/k 0.41;k 1.04 
Na,O 3.92) 6.82|Tim. . 2.57| Olivine... O.8/c/fm 0.40 
K,0 4.06| 480i peo Oy yApatites = ame Ol7 
H,0 70") 1.80] 7.22/ an 0.65 Sarr 
S 0.04 AL A Te 100.0 
fem. 23.21 eat 
H.O. 1.80 ew crystals 
2" ———_| of fayalite are also 
99.35 | present in the rock. 
_0=s pe FN Quantitative System: II: 5: 2: 3 — Monzonose. 
iis 2 Osann’s Type: No. 38. Tabor (s 64.5, a 8.5, ¢ 1.5, f 20, n 5.9, 
H,0 0.65, k 0.98). 
100.03 | Or: Ab: An — 36.17: 49.95: 13.88. 
Sp. gravity He C: 2.800. 
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Analysis Nr. 111. 
Alkaline Dyke-Rock, W. of Noppikoski Waterfall (Ls - 811). 
Analyst: N. Sahlbom. 


Mol. 

4 moe acu Mode Niggli’s Osann’s 
| | x 100 of system system 
a 

SiO, | 46.44] 77.32/Or . . 15.59] Albite qz —41 |s 54 
TiO, | 1.60} 1.87|)Ab. . 26.74 (Abg,—Ab, 59) 35.0 | si 115 A 6.5 
EO; | 0.78} 0.55|An. . 17.50] Orthoclase . 15.5) ti 2.82|C 4.3 
AJ,O, | 16.11) 15.80|Ne . . 4.54] Diopsidic al 23.5 | F 23.8 
Fe,0,; | 5.21! 3.26) Spal. 64.37| Angite .. 17.9 | fm 42 Den come md 
Feo | 7.26) 10.09|/pi . . 855] Chlorite. .. 15.7\¢ 20.6 jc 4 
MnO | 0.14) 0.20/01 . . 10.84] Ores*. . . . 103/alk 14.0 |f 205 
MgO 4.90) 12.15\ Mt... 7.58| Apatite... 1.7|mg 0.42)/n 7.1 
CaO | %.72| 13.76) Jim. . 9.87| Epidote . 1.4/k 0.30)k 0.76 
Na,O | 4,14 | 6.68 | Ce .. 1.70/ Dolomitic c/fm 0.27 
K,0O 2.65; 2.81|pp . . 0.59 Carbonate. 1.4) ¢’ 11.5 
HO Tr 2.16) 11.99 | Ap... 1.90| Pyrite 5) tay 
am as a ae Sfem . 33.46 Prehnite .. 0.5 
} 74 | 8\a 2 Se Ai 
2 fichier 8 te 100.0 
99.99} * In parts of the 
rock the ores are 
/ replaced by titanite, 
/ the proportions being 
10 % Titanite 
90 % Ores 


99.97 | Quantitative System: II: 5: 3: 4 — Andose. 

0.06| Osann’s Type: No. 86. Ragon (s 55.5, a 5.5, ¢ 4, f 20.5, n 6.2, 
0.86 k 0.80). 

100.97| Or: Ab: An: Ne — 24.22: 41.54: 27.19: 7.05. 


| | Sp. gravity vs C : 2.920. 


—O=S 
HO —105° 


The Monzonitic Type. 


Together with the normal type of doleritic diabases, there occur 
monzonitic varieties connected with them by a gradual series of tran- 
sitional rocks. The analyses Nos. 107, 108, 109, respectively, represent 
two different types of these monzonitic dolerites. The first, exposed 
at Vassj6an brook and in the canyons of Alvho, is of a more abyssal 
_doleritic texture. The plagioclase ranges from An,,—An,, and is 
distinctly less zonal than that of diabasic rocks; the predominating 
‘pyroxene is an idiomorphic green pigeonitic augite of the following 
optic values: ¢/, = 25°—35°; 2Vs50 = 48°—38°. A fair percentage of 
diopsidic colourless pyroxene is also present, being mostly replaced, along 
the cleavages (110), by a brownish-gray chloritic fibrous substance. 
All the primary olivine is replaced by green serpentine and an actino- 
litic amphibole. The extinction of the orthoclase within the last ery- 
stallized parts of the rock is (010)/P = 8°; 1 y/(001) = 9°, indicating 
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Analysis Nr. 112. 
Alkaline Dyke-Rock, W. of Noppikoski Waterfall (Ls - 790). 
Analyst: R. Blix. 
Mol. Mode Niggli’s | Osann’s 
7 ane NO rn o, system | system 
x | 
ee 
| sat 
sid, 46.67| 77.71| Or . . 8.93 | Albite qz — 36 s 55.7 
TiO, 901| 2.52|Ab. . 36.17) (Abg, An,) 39.4/si 118 |A 6.2 
PO, 0.54) 0.88) An . . 18.09 | Orthoclase 8.9 | ti 3.32|/C 4.5 
Ai,6, | 1567) 15.37|Ne . . 1.06 | Diopsidic al 235 |F 22.6 
Fe,0, 524| 328|Seal~ G4o5| Angite -. 19.2/fm 420 |a 5.5 
FeO 7.28 | 10.13) pi 8.58 | Chlorite 14.7 \¢ 21.0 |e 4.0 
MnO 0.20; 0.28101 . . 8.58| Ores 95 {alk 13.5 |f 20.5 | 
MgO 4.21} 10.44) Me. 7.6; | Carbonate mg 0.38;n 8.2 
CaO Ue | WMO 3809| (dolomitic) 2.5 | k 0.18;k 0.81 
Na,O ALDI 28) Cal 943|Epidote. .. 1.5\c/fm 0.50) : 
K,V 1.53] 1.62] Ap. 1.27 | Prehnite 1.3 | 
H,O+| 296] 16.43|pr _ | 0.53| Apatite. . - 12 
BaO 0.19) 0.12 Fan | Litanite< ~~ .0 
CO, 1.01| 2.80 hick ee Pyrite 0.8 
Ss 0.24 0.75 = re ~~ 400.0 
oe e 
a 
99.59 | Quantitative System: II: 5: 3: 4 — Andose. 
—O=8 | 0.06| Osann’s Type: No. 86. Ragon (s 55.5, a 5.5, ¢ 4, f 20.5, n 6.2, 
H,O-18| 0.30 & 0°80), 
99.89 | Or: Ab: An: Ne — 18.89: 56.29: 28.16: 1.66. 
Sp. gravity = © = 2.896. 


an anorthoclasic composition. In hand specimens both rocks are of a 
dull greenish-gray colour and are fairly evenly medium-grained (cf. 
Pl XCIY). 

Of quite another appearance is the rock of the third analysis, No. 109, 
from Lustjirnsberg Hill. The long narrow needles of greenish black 
pyroxene are strikingly conspicuous and give the rock an ophitic 
character, which is non-existent microscopically. The texture is sub- 
ophitic only in parts, the ruling pyroxenes being quite idiomorphic, 
and free quartz making its entry as granophyric orthoclase intergrowths 
in the interstices. 

The elongated twinned pyroxene-prisms, 10 x 0.2. mm. have cry- 
stallized before the felspars, even if they are sometimes bent almost 
into a semicircle by the stress arising during the final consolidization 
of the rock. A pigeonitic augite is indicated by ¢/, = 43° and 2V559 = — 
58°10’. The pyroxene is almost colourless, with a slightly reddish 
tint, and a dark green megascopic appearance derived from the green 
amphibole enveloping the needles and sometimes replacing them. 

The rocks strongly remind one of the monzonites of N. Ulfé, described 
by Sopra (33); the hypersten cores of the elongated monoclinic 
pyroxenes, are wanting, however. While Soprat believes them to be 
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contaminated rocks resulting from assimilation of granitic fragments 
by the diabase, the writer considers them in this case, to be normal 
members of the differentiation sequence of the doleritic magma, or, 
maybe, a hybrid rock originated at greater depths. 
They occur within the Hamra region in several other localities besides 
“those from which analyses have been made and they everywhere de- 
velop true to type, irrespective of the kind of country rocks they may 
have invaded. Generally, they are encountered as central parts of 
larger dykes, such as those N. of Lusbo, at Helvetesfallet, S.W. of 
Pilkalampinoppi and at the Gallsj6 Lake (cf. Pl. XCV, Fig.1, Pl. XCVI, 
Fig. 1). The mineral features in all those localities vary within even 
narrower limits than those of the diabase. The plagioclase, for instance, 
' ranges from Any) to Ang) and the pyroxene is as follows: 


Locality c |, 2V ss0 Character 
LES ete ee ae eee 43° 45° Diopsidic augite 
Me het, oe ees es Ae Oy 44 45° » » 

UC a 38° 48° 20’ Augite 
LLL SG a eee a ea: 5 45°  —_ Diopsidic augite 
Helvetesfalles . ..... . 38—39° 41° _—_— Pigeonitic augite 


. The gradual increase of orthoclase and silica, and the decrease of 


: 


femic silicates accompanying an increasing acidity of the magma 


— 
—s 
ee es on' 


110 Anal. Nr 


104 105 106 107 108 109 


Fig. 23. Mineral composition of the monzonites. 


make a contamination genesis appear rather improbable (cf. Fig. 23). 
This normal development, observable everywhere in the field, leads 
in this case even to almost granitic segregations within the dykes 
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themselves. This is exemplified at Pilkalampinoppi, where the central 
part of the dyke is a granophyric dolerite of almost the same character 
as that of a basic Rapakivi granite. Perthitic anorthoclasic felspar 
predominates and there occurs a brown basaltic hornblende besides a 
common green one, the extinction angles being: ¢/, = 0 and 
¢/, = 15°—16° respectively. This alkaline tendency governing the 
differentiation is a phenomenon worth noticing. On a minor scale 
it may also be traced at Helvetesfallet, where the enveloping green 
hornblende of the pyroxene needles is changed into a blue arfvedsonite 
when crossing the later crystallized plagioclase. 

The differentiation at deeper levels of the doleritic magma also 
leads to still more acid monzonitic magmas ascending and intruding 
into the earlier congealed diabases. Such is the case at Emadalen, 
where a coarse-grained reddish-gray monzonite has cut through all the 
diabases as well as through the porphyries and porphyrites, displaying 
chilled marginal zones all along the contacts. 

The analysis, No. 110, of this rock and the appended mode agree 
very nicely with an extended differentiation of the doleritic magma 
exemplified by the increase of potassic felspar and decrease of femic 
silicates. The texture of the rock is almost a granitic one, and the 
plagioclase a zonal oligoclase-andesine (An,; to An;;). The pyroxenes 
of the diabases — the reddish titanium-augite as well as the green 
diopsidic augite — are still present as relics, although most of the 
pyroxene has gone to form a green hornblende. Even perfectly fresh 
fayalitic olivine crystals occur occasionally and increase considerably 
in quantity towards the marginal area of the intrusion. The olivines 
are corroded but remarkably unaffected by the autogeneous late- 
magmatic metamorphism. Strictly speaking, the acid composition of 
the plagioclase and the presence of quartz do not agree with the true 
monzonitic composition, but constitute a rather strange border case of 
olivine-bearing quartz-monzonite (cf. Pl. XCVI, Fig. 2). 

The differentiation of the doleritic diabase seems, however, to have 
been carried still farther and to have led to very acid part-magma’s 
brecciating the diabase at Stensjéberget as leucocratic quartz-porphyry 
dykes. These dykes contain optically unhomogeneous quartz pheno- 
crysts, within a microgranitic or granophyric base of optically homo- 
geneous quartz and strongly FeO-pigmented orthoclase. The femic 
minerals are restricted to a few flakes of chlorite, An unusually large 
amount of accessory zircon is present, however. 

In hand Specimens as well as in thin section, this porphyry may easily 
be mistaken. for an aplitic phase of the Rapakivi granite. Actually, 
there is no difference between this rock and the groundmass of a granite 
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of the Sandsjé type. The optical strain of the quartz grains may be 
due to external stress on the congealing of the groundmass surrounding 
them. 

On the other hand, however, one must not forget the existence of at 
least two generations of doleritic diabases and the possibility of the 
Stensj6 dykes belonging to the older series, in which eventuality the 
later intrusion of the Rapakivi magma may be responsible for the 
brecciation. But even if this were so, the intimate connection between 
the acid Rapakivi and basic dolerite is rather striking, as the quartz 
porphyry dykes keep strictly within the boundaries of the diabase and 
do not wander into the surrounding gneiss granite. There is no getting 
away from the impression of their being either a late »Nachschub»y 
or a later brecciating magma belonging to one and the same magmatic 


period. 


The Relationship of the Rapakivi Granites to 
the Doleritic Diabases. 


During his survey of the Loos-Hamra region, the author was, already 
at an early date, impressed by the Rapakivi-like differentiation of the 
diabase magma, and consequently suspected an actual consanguinity 
between the two. The close agreement between the differentiation 
of the effusive Dala-~porphyry magmas and their plutonic counterpart, 
the Rapakivi, has already been shown (cf. Figs. 20, 22). In the Nraeur 
diagram of the effusives has also been entered the analysis of the dia- 
bases. One will immediately notice the close correspondence of the 
trend of differentiation of the normal doleritic diabase with the con- 
tinuing curves of the porphyrites of the Dala-series. The ultra basic © 
porphyrites are also petrologically rather similar to the diabases, as 
pointed out in the preceding pages. 

I conceive, therefore, the differentiation in the abyssel magma cham- 
bers to have led, consecutively, from doleritic diabases to porphyrites 
and porphyries. If, however, the diabasic magma has been extruded 
before it reaches the »porphyritic point», and in such large quantities 
as to retain the heat necessary for a secondary differentiation at higher 
level and at lower pressure, it will follow a different course of differen- 
tiation, marked by a break in the recording lines of »fm and al» at this 
point. 

However, the trend of differentiation of »fm» and yal» following the 
break is the same as in the porphyries, »fm» only being higher, owing 
to an increase of magnesia, and the yal» lower, probably owing to loss in 
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alkalies. The petrological development leads at the same time to ih- 
creasingly acid monzonitic rocks of a definite alkaline character. 

I have already called attention to the differentiation occurring in 
central areas within large dykes, approximately configural with the 
outline of the dykes. 

The field and laboratory evidence substantiating this theory of the 
Rapakivi—doleritic diabase magma-province has been given in earlier 
chapters. The consequences of this new point of view, however, are of 
such a revolutionary character, affecting as they do the validity of the 
earlier, almost axiomatic, time-honoured conception of the sub- 
Jotnian unconformity, that I felt the need of looking for conformatory 
evidences elsewhere, too. 

As the Réd6 archipelago outside Sundsvall seemed to offer the 
greatest possibilities, easily accessible as the islands are to-day by 
motor-boat, some time has been spent there checking Hotmeauist’s 
admirable paper of 1899 on this district (13). 

The archipelago consists of the big Réd6én and smaller Réhallen 
islands, occupied to about 60—100 % respectively by a red Rapakivi 
granite intruding into old migmatites; of the doleritic diabase islands, 
Gubben and Draghillan, as well as of a dozen smaller islands of 
migmatite and gneiss-granite cut in all directions by porphyric and 
porphyritic dykes of the Rapakivi suite. ) 

The Rapakivi has been analysed by N. SanrEsson (cf. 20, Anal. No. 
56) and is somewhat more basic and sodic, but less alkaline than the 
analysis No. 94 from Orealv in the present paper, the Niggli-reference 
valuest and the mode (according to Hoimautst) being: 


si = 406 Quartz © ond. ee ae of 
qz =+172 Orthoclase 2 +! 2. po Rea RT See 
ti) ==208 Plagioclase (AbggAny) . . . . . 34.7 » 
ale) -= 45.6 Biotite . . 4 
fm = 16.6 Ores . os Mabe ig See 
c 1405 Not accounted for." <9) ease 
alk = 33.5 100.0 9% 
mg = 0.25 me: 
k == 0,46 

c/im = 0,25 


On an average, however, it compares very well with the Orealv Rapa- 
kivi, leaving no doubt as to the Rapakivi age of both granites. Un- 
fortunately, only one analysis has been made of the basic dykes, and 
none of the diabase of Asby type. The mineral description given by 

’ Calculated by the author. 
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sandstone south of Helvetesfallet. The lower 
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Pig. 2. Conglom« rates of Bossfallet in the foreground. In the background 
on the other side of the wooden structure (timber-chute), overlying green 
porphyrite. 
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Fig. 1. The upper Béssfallet rapids. The rocks are all conglomerate, 


Fig. 2. At the foot of the upper Boéssfallet looking SE. The cliffs are all 
conglomerate. 
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Fig. 1. The upper Béssfallet rapids. In the middle distance to the left a 


big boulder of Ratan granite within the conglomerate (arrow). 


Fig. 2. Boéssfallet rapids, In 


the foreground, beds of sandstone at the water- 
evel, 


underbedding conglomerates, 
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Fig. 1. _View from St. Sillakorvamiki, looking east. The distant hillock is 
Noppimiki (Noppi quartz-porphyry). The hillock to the right is L. Silla- 
korvamakti (Dala porphyry). 
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Fig. 2. View from Korpmiaki (732 m above sea-level; 
towards the north. The distant hills are Dala porphyries. 
the middle distance is Loberget (Rapakivi granite). The 
the strike of the diabase separating the uplifted quartzites of t 
from the down-threwn porphyries and granite. 
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Fig. 1. View from Sillakorvamaki, looking north. The porphyry beds 
C=) 7 ; 5 z 3 Eee d 
dipping towards the west are outlined against the horizon. 


Fig. 2. The Author’s cottage on the top of Tensberg Hill, the headquarters 
of the »Geological Survey of Loos» (L. G. U.). 
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Ho.mautst, as well as the examination of slides from samples collected 
by the author, show a close relationship to the corresponding Dale- 
earlian rocks. 

Inclusions of a diabasic porphyrite within the acid dyke-rocks are 
numerous, as are also homogeneous basic dykes clearly intruded when 
the ground rocks were still regionally heated and the dykes, conse- 
quently, subjected to mineral alterations (uralitisation). The analysed 
dyke is of monzonitic composition, and a comparison with Analysis 
No. 110 of the Emadalen monzonite certainly suggests an analogous 
magmatic evolution. 


Griflasian Island Emadalen 
Rédé. 19. Anal, XV. Anal. 110. 
SS Se eae ss 57.34 
oe ee ae 2.09 1.35 
(a 0.32 0.26 
SA Mae fe ee ee nes 15 ¢ | 14,21 
CAS i ae 6.52 1,42 
Ue teas 10.15 
LE oS a ae 0.26 0.23 
UE 5. ss a ee er 2.60 0.98 
Oe es Pais hg ARS 4.40 4,15 
0 (ee emo eee 2.96 3.92 
K6G aha sive ee 2.58 4.05 
th 9 a ee, ee ee 2.70 = 
[5 ec PURI eg ay Sons eRe 0.56 1.30 
100.52 99.36 
Pieiccuse... . . . « . Abg Ans, Ab,z;Ane, 


An important discovery was made, however, at Rédon, a new dyke 
of unusual interest being found at the S.W. shore of the island, which 
dyke had evidently been overlooked by Hotmauist. This vertical fissure 
dyke, about 6 m. in width, seems to have been a feeding channel, through 
which lava flowed during-a considerable period, recording in successive 

layers of solified material on its walls the sequence of differentiation of 
the underlying magma chamber. It intrudes into the main Rapakivi area 
and is consequently younger thanit. The first magma to erupt was a 
monzonitic diabase, gradually changing into a definite monzonite, 
which in turn grades into a true Rapakivi, almost identical with the 
surrounding wall-rock. 

_ There is no question of a composite dyke, in the ordinary sense of 
the word, being intruded into a fissure torn open at different periods, 
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nor of a differentiation within the dyke itself, but simply of the re- 
cording of a steady flow during a specified time. 

The story told by the dyke can hardly be explained but in one way. 
The parental magma apparently differentiated into an acid top and 
a basic bottom portion, of which a major part of the acid magma first 
laccolithically (judging from the contacts towards the migmatites) 
intruded at higher levels. With the block displacements connected 
with the stresses set up by the emplacement of said magma as well as 
by the regional heating of the old rock ground, zones of weakness arose 
in the already congealed magma. Intermediary monzonitic differen- 
tiation members of the top part of the basic differentiate were forced 
through the resulting fissures, intruding at higher level or even reaching 
the surface, as verified by the amygdaloid fragments within the later 
dykes. This flow of basic magma continued until the still proceeding 
differentiation of parental magma gave birth to fresh concentrations 
of acid Rapakivi differentiates close to the ceiling of the magma cham- 
bers, which in their turn superseded the basic flow of the fissures and 
reached the surface as quartz porphyries. 

This magmatic mechanism may, of course, have been repeated 
several times. Even if the dyke in question only records only one cycle, 
that single record is sufficient to establish the intimate relation and 
consanguinity between the Rapakivi and the diabasic monzonites. 
The extrusion of the fully differentiated basic-rocks, the Asby diabase, 
may be presumed to have occurred within this area at the last repetition 
of this cycle, when, consequently, the hot bottom part of the magma 
chamber was forced to the surface, or nearly so. The high temperature 
of the doleritic diabases is evidenced by the thermal metamorphism 
of the porphyries, to which reference has already been made, for instance 
at Alvho (cf. p. 270), and by the bed-intrusions over enormous areas 
into the Jotnian sediments. There is no evidence at present of two 
generations of doleritic diabases within the Rédé-district, but there. 
is no theoretical bar to the cycles’ having gradually affected increasingly 
deeper levels of the magma chamber, and, consequently, ejecting the 
diabases at several intervals. 

Another important discovery was made at the island of Gubben. 
Reference has already been made to the albitic pegmatites of the W. 
shores of said island. .On the E. shore, however, a most interesting 
differentiation within the diabase has remained unnoticed by previous 
investigators. Several big patchy areas occur of monzonitic rocks 
grading into acid red rocks of unmistakable Rapakivi character. They 
are not inclusions but clearly differentiations »in situ», in their turn 
locally brecciating the doleritic diabase. They are not dykes from afar 
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but represent, to my mind, a local continuation of the differentiation 
process within such parts of the magma as were extruded before they 
had completely reached their basic equilibrium. The temperature and 
pressure, as well as the concentration of volatiles, being different from 
_ those ruling in the deep-seated magma chamber; the differentiation 
followed a somewhat different path to that of the abyssic rock, but the 
general trend of differentiation is certainly the same. Another very 
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Fig. 24. Niger diagram of Rapakivi Granites, Monzonites and Doleritic Diabases. 
>»L> refers to analyses recalculated by Larsson (20), »H» refers to analyses published 
by Hackman (LO). 


: strong piece of evidence is, consequently, presented, proving the con- 
 sanguinity and synchrony of the Rapakivi and the doleritic diabase. 
In order to test my theory still further I have compiled all known 
previous analyses of Swedish doleritic diabases, including their most 
basic ore-differentiates, of Rapakivis and Rapakivic effusives as well as 
of a few Finnish analyses of corresponding rocks, lately published by 
HackmAN, comparing them with the analyses of the present memoir 
and expressing them all in Niggli values. The result will be found in 
Fig. 24, where also the average differentiation curves are drawn. This 


324 HARRY VON ECKERMANN. [Mars—April 1936. 


diagram gives a comprehensive view of the development of the diffe- 
rentiation and suggests that the composition of the parental magma 
was located somewhere about Slooo_250. Actually, this space of the 
diagram is occupied by the analysis of the Venjan porphyrite of Dale- 
carlia, — a rock of somewhat doubtful position. 

The reference values of this rock are actually, the only ones not in 
good agreement with the differentiation sequence, their valk» being 
too low and the »c» too high. When referring the Venjan porphyrite 
to the combined Ratan-Dala-group, HéaBom was, from his point of 
view, on safe ground, as there is no question of its being related to either 
of them. T6RNEBOHM, in his description appended to the geological 
map of Sweden of 1910, considered them to be related to the Dala por- 
phyrites. Nothing is actually known about the field relation of the said 
rock, and the author has only had the opportunity of a few hours’ 
visit to the district. His impression, however, is that they may just as 
well belong to the pre-Jotnian Ratan-group as to the Dala-group. Even 
if the reference values of the single existing analysis do not fit in very 
nicely with the variation diagram of the Ratan granites — the position 
of yalky and »fem» being almost reversed at the same »siy — the correspon- 
dence is in any case somewhat better than with that of the Dala-group. 
The absence of any other abyssal or hypabyssal basic members of the 
Ratan sequence (except a very small occurrence at Viidamiki) is also 
significant. Consequently, all that can be said to-day is that the Venjan 
porphyrite apparently corresponds to the theoretical composition of a 
parental magma of both the Ratan and Rapakivi granites. It may 
belong to either of these groups, the evidential indications of to-day 
slightly favouring the former group. 

In any case, this analysis does not seem to impair the validity of the 
differentiation diagram of the Rapakivi diabase magma suite. Of 
special interest is the agreement of the albitic pegmatite from Gubben 
(L-26, Fig. 24) with the normal variation of the differentiation of the 
series. Another interesting point is the »falling into line» of the ultra- 
basic differentiate, N. of the Réd6 area, represented in the diagram 
by the few available analyses in Sopraz’s paper on the Ulvé islands. 

When computing the Or: Ab: An ratios of the Dala effusives and 
the abyssal or hypabyssal Rapakivi-Monzonite-Diabase magmas, one is 
also impressed by the similarity of the two diagrams (cf. Fig. 25 and 26). 

When advancing my new conception of the contemporaneous Rapa- 
kivi-Diabase province at lectures held previous to the publishing 
of this memoir, I have been met with several objections. One has 
been the incompatability of the large volumes of granitic liquid com- 
pared with the insignificant volume of basic liquid resulting from the 
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suggested large-scale differentiation of the necessarily basic parental 
magma. To this may be answered, that the apparent difference in 
volume is largely misleading, owing partly to the intrusive beds of the 
diabase being covered by Jotnian sediment, and partly to their having 
been extruded on top of the sediments, and, consequently, removed 
earlier by erosion. The basic bottom portion of the magmatic diffe- 
rentiation chamber is also less easily forced to higher levels than the 
acid liquids are, and consequently may remain uncovered ta ereater 
depths. As regards the Hamra-region, I have already called attention 
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to the equal proportions of the two poles of differentiation. I firmly 
believe that a detailed survey of the total Dalecarlian Jotnian area will 
‘reveal additional, at present unknown, masses of doleritic diabases, 
which, when computed, will almost outweigh the Rapakivi. 

Turning to the Jotnian area at Gefle, the diabase is clearly the domi- 
nating eruptive rock, and bearing in mind the Ragunda-Nordingra- 
Rédé-area, a mere glance at the new geological map of Sweden (1935) 
will show how the district is dotted with intruded diabases, which I 
-am sure, if properly mapped would combine into larger areas equalling 
the Rapakivi. It is only E. of the Baltic that the Rapakivi masses 
clearly dominate, the diabases being confined to the Bjérneborg— 
Raumo-area and the islands of Lake Onega. 

The other objections raised against my theory have so far all been 
‘connected with the »axiomatic» sub-Jotnian unconformity on top of 
the Rapakivis, and the improbability of a magmatic consanguinity 
between Rapakivi and diabase across this supposedly enormous hiatus. 
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The following chapter will dispose of these objections by establishing 
the sub-Jotnian unconformity at a position below the Dala-series. 


The Sub-Jotnian Unconformity. 


In his paper on Fenno-Scandia, when stating his own view — which 
was also that of his contemporaneous Swedish geologists — on the 
Jotnian unconformity, Héesom apparently already »smelt a rat», 
even if he could not locate it. 

After having described the sub-Jotnian erosion surface as a peneplane 
without projecting hills or sculptured valleys, covered by arkoses 
grading into the underlying rocks, he emphasized the necessary removal 
of thousands of metres of pre-Jotnian rocks. He especially pointed out 
the great sub-Jotnian erosion interval needed to expose the Rapakivis 
which, as he puts it, »are so considerably older than the Jotnian sand- 
stones». To the following sub-Cambrian denudation he allotted an ero- 
sion restricted to the removal of the Jotnian sediments, wherever they 
were not protected by down-faulting. Where he felt uneasy, however, 
was when he had to discover a reason why this faulting is found in 
conspicuously many cases to be bound to the Rapakivi areas, and why 
those areas are in most cases accompanied by the Jotnian sandstone, 
He had to content himself with the statement that »a satisfactory reason 
is not easily founds. 

In the last edition of Ramsay’s textbook on geology, ASKLUND 
draws attention to the tectonic movements, following the intrusion of 
the »sub-Jotnian eruptives, as being in operation only during a limited 
time, during that period creating subsidence areas or »rifts», where 
the sandstones were deposited, The local down-faulting of the sedi- 
mental areas he seems to refer to the extrusion epoch of the »post- 
Jotnic) diabases, assuming a large part of the earlier Jotnian sediments 
to have been eroded away in the meantime. . 

SEDERHOLM, in his last paper on the geology of Fenno-Scandia (Fennia 
Vol. 55 No. 2, 1932), estimated the height of the Rapakivi laccoliths, 
congealed under cover of older rocks, at several thousand metres, and 
conceived their relevelling before the deposition of the Jotnian sand- 
stones took place. He admitted the occurrence of two generations of 
diabases; the Jotnian olivine diabases intruding the sandstones, and 
the pre-Jotnian diabases, ossipites and labradorites being cut by the 
Rapakivis, although genetically connected. He also drew attention 
to the so-called »Digerberg sandstones» within the Dala porphyries, as 
well as to the sandstones of Petrosavodsk at lake Onega, partly filling 
othe immense gap between the Jatulian and the J otniany, and assigns: 


| 
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them, together with their associated eruptives, to a special Hoglandian 
series, The introduction of this series may have been a step in the right 
direction, but they did not furnish any answer to the Hégsom question. 

The conclusion to be drawn from the evidence presented in the 
present memoir, however, permits of such an answer. I am quite 
aware of the revolutionary character of those conclusions, as well 
as of the necessity of testing their validity by extended researches 
within the other Rapakivi areas, and especially within the remaining 
part of Dalecarlia. This memoir, nevertheless, would be incomplete 
if it did not point out the obvious deductions reached. | 

I may begin by emphasizing the strange coincidence that not only 
the Fenno-Scandian Rapakivis and sandstones, but also the doleritic 
diabases, always occur together. This undeniable fact has escaped 
the attention of Fenno-Scandian geologists, probably owing to the 
_ blinding effect of the axiomatic enormous sub-Jotnian unconformity, 
conceived by the leading authorities as separating the Jotnian sedi- 
ments from the granite. This great hiatus certainly makes such a con- 
nection unthinkable, or they would long ago have given more thought 
to Hécxowm’s still unanswered question. 

One may well, for instance, have asked how a breaking down of 
thousands of metres of Rapakivi granites, as well as the thick cover 
_ of older rocks, was possible in a supposed extremely arid area, without 
a noticeable mountain folding having previously taken place. The 
question may well have presented itself, too, as to which strange »in- 
_tra-telluric scent» helped the Jotnic, and still more the post-Jotnic 
diabases, following the enormous unconformity, to concentrate on the 
sandstones as well as on the Rapakivis, while avoiding all other areas. A 
third matter for consideration should have been the numerous vesicular 
fragments of surface rocks within the dykes of the R6d6 Rapakivis, at 
a tectonic level thousands of metres below the surface, assumed by 
SepEeRHOLM. A fourth difficulty les in the great Dalecarlian sandstone 
area not being bound by faults on its N.E, joint, as supposed by TORNE- 
BoHM and Héasom, but tapering out over the underlying porphyries 
-in almost undisturbed layers of horizontal bedding, — as shown by 
- OLIVECRONA. 

Ignoring the supposed post-Rapakivi unconformity and regarding 
the Rapakivi-diabase magmas and the sandstones as belonging to one 
and the same great magmatic province and evolution epoch, everything 
is presented in quite a different light. 

_ To begin with, the difficulties attached to the old conception are 
removed. It stands to reason that the regionally geographic emplace- 
ment of the Rapakivis and diabases is one of necessity, their common 
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history of magmatic evolution being amply supported by the evidence 
presented in this memoir. It also follows that the hiatus of the »Great 
Jotnian unconformity on top of the Rapakivis» must be more or less 
a myth, and must constitute merely an episode of a much larger geolo- 
gical period. 

The main support for a sub-Jotnian peneplane on top of the Rapa- 
kivis has been sought in the fairly even base of surface-weathered 
labradorites and gabbros underlying the diabas-capped sandstones of 
the Nordingra area. Moreover, H6cxBom also claims that Rapakivis are 
exposed in the arkose base, but the one locality, which occurs at Try- 
sundaén, does not seem to be fully-elucidated even if the Rapakivis, 
nevertheless, may be taken as older than the sandstones. 

There is, consequently, nothing definite to be said regarding the weath- 
ering and levelling of the Rapakivis, as compared with that of anortho- 
sites and gabbros. Actually, the Rapakivi granite rises to topographic 
levels surpassing the adjoining areas of the basic rocks by 100—150 m. 
The younger age of the Rapakivis is unquestionably established, and 
a common peneplane must presuppose a down-faulting of the older 
rocks. No faults, however, are observable at the northern contacts 
of the basic rocks adjoining the granites, the joint being typically 
magmatic, as is also clearly indicated on Soprat’s map of the district. 

Even if no chemical data are available to allow of a closer study 
of the subject a certain consanguinity is, nevertheless, apparent between 
the Rapakivi and the older basic rocks of the Nordingra area, recalling 
the relations between the Dala series and the syenitic Ratan granite, 
which may or may not indicate an earlier pre-Jotnian levelling of 
the basic rockground. No sub-Jotnian peneplane above the Rapakivi, 
consequently, is proved to exist at Nordingra. 

Another proof of the existence of the sub-Jotnian unconformity, 
to which reference is sometimes made, is the undulating gneiss plateau 
of more or less uniform height in the tract between Cape Wrath and 
Laxford, on which the Torredonian succession of sandstone was laid 
down. Farther south along the Scottish west coast, however, the old 
land surface was carved into hills and valleys, and Pracu and Horne 
definitely state the pre-Torredonian to be one of high relief, (ef. Chapters 
of the Geology of Scotland p. 72). 

Turning to the Dala area, the supposed peneplane below the sand- 
stone is far less substantiated, and is more due to imagination and lack 
of local familiarity with the region than actually observed facts. When 
taking into account the block-faulting of the arean, the topography 
seems to be more regulated by the naturally horizontal character of 
the lava flows than by any later erosion. 
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Wherever the contacts between the porphyries and overlying sedi- 
ments are exposed for examination and are easily accessible, such as is 
_the case along the shores of Aman from the Helvetesfallet southwards, 
it is easily established that the erosion cannot have been a very deep 
one; distinctly vesicular and effusive green porphyritic dykes cutting 

the red porphyry, being still observable on the eroded surface. 

The frequent presence of well-preserved fragments of brimstone 
lavas within the tuffitic bottom parts of the upper sandstone beds 
(cf. Pl. LX XXIV) also indicates a comparatively slight erosion of the 
voleanic ground prior to the sedimentation process. 

The evidence within the Hamra—Orsa area is remarkably clear 
in this respect. Farther to the 8.W., it is true, at the 8.W. boundary 
of the great sandstone area round Malung, pure quartz-sandstones 
come into direct contact with the old archean, which feature may be 
employed as an argument for an extensive erosion in this part having 
preceded the deposition of the sediments. For one thing, however, 
one must bear in mind the possibility of a transgression over areas never 
covered by the Dala eruptives, but in this case there is also no doubt 
of the contact being a purely secondary one, due to faulting. The 
sedimental beds are vertically uptilted along the fault, and the tuffitic 
sediments, as well as the porphyry, would hardly be expected to 
appear at the surface. 

A comparatively slight erosion is not in any way incompatible with 
the exposure of the Rapakivi, which SeDERHOLM had already supposed 
_ intruded as laccolitic sheets which may even — as verified by the pre- 
sent memoir -— almost have reached the surface, solidifying as granite 
in the lower parts and as granophyric porphyries in the higher parts of 

the flows. 

_ The fact obviously overlooked when postulating the Rapakivi 
peneplane of Dalecarlia is that the horizontal configuration of lava flows 
and Rapakivi sheets is not the result of an extensive breaking down 
by erosion, but constitutes a true reflection of their underlying base. 

The real sub-Jotnian unconformity is consequently to be sought, 
-not above, but below the Dala series at the base of the conglomerate 
topping the Noppi-series. This unconformity marks a greater hiatus 
than the one previously assumed, indicating a great change, not only 
in the peculiarities of climate, but also in.the orogenic activity. 

During the preceding Loos and Noppi periods, the region must have 
been partly submerged, as verified by the type of sedimentation, the 
subsiding troughs of sedimentation getting shallower as time went on 
(cf. the ripple marks of the Noppi sediments). The following uplift 
of the earth crust may have been connected with the batholitic intrusion 
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of the Ratan granite, as responsible for the last folding of the region. 
The orogenic agencies must have been active during some time following 
the congealing of the granite, as recorded by the optical unhomogenity 
of its quartz grains. 

During the dying out of this orogenesis, and after its close, the great 
unconformity was developed, leading to a complete breaking down of 
the mountain chains and a gradual levelling of the country. Within 
this unconformity the erosion must have been considerable, amounting 
to thousands of metres of rocks, before the great Ritan area was laid 
bare. Of the sedimentary deposits of this epoch little or nothing remains, 
the fragmentary remains being confined to the coarse-grained quartzitic 
- conglomerates overlying the Noppi sediments and the Ratan granite, 
and partly found as agglomeratic inclusions within the basal flows of 
the Dala porphyries. On to this levelled surface the Rapakivis ejected 
their lavas in a way recalling the extrusion of the plateau-basalts of 
upper cretaceous and tertiary age. 

The renewal of the Jotnian magmatic activity, unaccompanied by 
any great tectonic disturbances, gives food for thought. It suggests a, 
locally, very restricted and not very deep-seated volcanism within parts 
of the earth crust, which had already attained a rather high degree of 
stability, One may, perhaps, — on the basis of the apparent agree- 
ment, magmatic if not tectonic, of the Riitan and the Rapakivi magmas 
— conceive a local slow continuation of the differentiation process 
below the Ratan batholites, or even a remelting of their bottom parts 
owing to subsidence during the folding period. In any case, the Rapakivi 
magma must have drilled its way upwards with a slow stooping action, 
its-low tension character being fairly evident from its mode of extrusion. 

At the first extrusion of the Dala-porphyries, climatical conditions 
were not very greatly changed, even if the ground may have been 
raised above sea-level. The basal congolmerates furnish no evidence 
of an arid climate. As the volcanism proceeded, however, the arid 
weathering made itself noticeable in the reddish inter-Jotnian sedi- 
mentation, even if locally, for instance, at Helvetesfallet, one may 
in the basal strata encounter gray sediments. The renewed outpourings 
of porphyrites and intrusion of granites following on this earlier 
sedimentation, and separated from their forerunners by the erosion 
interval, must have occurred under the same climatic conditions as 
those ruling during the early and late Jotnian period of sedimentation. 
The extensive conglomerates of the inter-Jotnian period are, habitually, 
the same as the late Jotnian. The classification of the. porphyries — 
the older as well as the younger series — as Jotnian is, consequently, 
fully justified, if by Jotnian we understand a definite period of settled 
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climate and undisturbed tectonics, The sedimentation of this epoch 
must have occurred under arid desert conditions, as verified by wind- 


_ polished sand and boulders, the deposition of the erosion products taking 


place partly on land and partly in slowly subsiding basins. 
_ The first type is exemplified by the sandstones around Helvetesfallet, 


which are of such fine grain that they might be supposed to represent 


the shifting dunes of a desert, The latter is represented by the Malung 


area, where ripple marks and sun-cracks are found right through the 


whole pack of sediments of some 800 m. thickness. Those ripple marks 
cannot very well have developed over this big area in layer upon layer 
in any other way than by the slow sinking of a very shallow basin. 

Summarising my conception of the Jotnian, this epoch is marked 
by four magmatic periods and three periods of sedimentation in descen- 
ding order, as follows: 


Youngest: (1) Intrusion of late-Jotnian doleritic Asby diabase. 


(2) Sedimentation of upper-Jotnian sandstones. 
Weathering and slight erosion of effusives, leading to 
agate-conglomerates. 

(3) Extrusion of effusive Oje-diabase. 

Intrusion of inter-Jotnian doleritic Asby diabase. 

(4) Sedimentation of inter-Jotnian sandstones, 


Weathering and erosion of Upper Dala series, leading 
to arkoses and lateritic clays, exposing some of the 
earlier, as well as later, Rapakivi granites. ; 

(5) Extrusion and intrusion of the Upper Dala series in 
the following order: 

Rapakivi granite. 

Quartz-porphyries. 

Porphyries. 

Syenitic porphyries. 

Green or red porphyrites. 

Early Jotnian doleritic Asby diabase. 

(6) Sedimentation of early Jotnian sandstones. 

Weathering and erosion of Lower Dala porphyries, 
exposing some of the early Rapakivi granites, and 
leading to heavy conglomerates and some sandstone. 

(7) Intrusion and extrusion of Lower Dala series in the 
following order: 

Rapakivi granite. 

Porphyries. 

Oldest: Syenitic porphyries. 


Great unconformity of the sub-Jotnian (Hoglandian) conglomerates. 
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The Chronological Succession of the Loos-Hamra Region. 


As already intimated, the fragmentary remains of the leptite series 
of the region do not allow of any chronological comparison bemg made 
with the leptite areas of Central Sweden. 

The enormous eruptive breccia of these parts has left large xenolithic 
areas metamorphically relatively untouched, while at Loos the mig- 
matisation has spared nothing but insignificant fragments. 

The only comparison to be made within the old archean would be 
one between the Mansj6-series and the corresponding eulysite-limestone 
deposit at Tunaberg, in the province-of Sédermanland. The position 
of the latter within the leptite-succession is, however, not quite clear. 
Still, the occurrence of manganese in both localities indicates that 
similar climatic conditions may have prevailed during the period of 
sedimentation. 

Generally speaking, the leptite-formation of Central Sweden has been 
found to consist of a lower division of rocks of volcanic and pyroclastic 
origin and an upper, sedimentary division. Oldest are the sodic leptites 
associated with limestones; the potassic leptites representing a later 
period of the volcanic activity associated with dolomitic carbonates. 

The migmatites of the Loos-area are partly potassic and partly 
decidedly sodic. The preserved leptite xenoliths, too, present the same 
variation. No attempt has been made to work out a stratigraphy based ~ 
on that chemical variation, the depth of the present erosion level making 
such work valueless. The accession of volatiles and pegmatitic solutions 
has been so great, that the primary chemical characteristics must cer- 
tainly have been largely obliterated. 

Reference has already been made to the amphibolitic intrusions 
of Mansj6 possibly being contemporaneous with the intrusion of 
the greenstone-dykes marking the conclusion of the first orogenic 
and metamorphic epoch of Central Sweden. The intense schistosity 
of the Loos-area, imposed on the rocks during the migmatitization- 
epoch, has, however, obliterated most of the primary evidences of 
the intrusive character of those dykes. These may, consequently, in 
parts be metamorphosed calcareous sediments, too. 

On the other hand, the greenstone-intrusion at Loberget, may be — 
contemporaneous with the greenstone-dykes of Central Sweden, but 
show a puzzling chemical and petrographic affinity to the Svensbo dykes. 
The last-named dykes unmistakably cut across the general strike of 
the migmatitization, being apparently of post-migmatitic age. 

All told, the remains of pre-migmatitic unmetamorphosed rocks are 
too few to allow of any reliable conclusions being drawn. 
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Actually, the earliest unmistakable chronological connection between 
the Hamra-Loos region and that of Central Sweden is the period of the 
intrusions of the Mansjé and Stockholm granites and the accompanying 
migmatitization. The identical chemical, petrological, and tectonic 
features of these two granites may be taken as a firm basis for corre- 
lation. 

In Central Sweden, no sedimentation epoch separating the greenstone 
dykes and the intrusion of the palingenetic granites of Group II has 
been convincingly shown to exist. It is true that the gray slates covering 
the leptite-series of Grythyttan are overlain by a conglomerate, which 
has not been found to be intersected, either by older or younger granites, 
and of whose age, consequently, nothing can be said with certainty. 
Its tectonic features, however, point to its being younger than the 
granites of Group II, although SzEDERHOLM (32) classified it as Bothnian, 
viz as older than the granites of the central area in Finland and Stock- 
holm. The weathering-breccia unconformity claimed by SEDERHOLM 
as existing between the Bothnian Tammerfors-sediments and a dioritic 
differentiate of the oldest granites of Group I, has been interpreted 
by other authors as an eruptive breccia. McCaLuren’s observation of 
phenomena in the sediments which may be interpreted as current bed- 
' dings, makes it doubtful whether the slate-series are not »younging» 
in a direction opposite to that assumed by SeDERHOLM. The granite- 
conglomerate, found by SEDERHOLM at Enklinge, and which he claimed 
to be additional evidence of unconformity, is held by my colleague 
Macnusson and myself to be, possibly, a tectonic pseudo-conglomerate. 

The Skelleftea-schists were also classified by SEDERHOLM as Bothnian. 
Grip (9) recently published a paper, however, showing the Arvidsjaur- 
-porphyries, which are younger than the schists, to be intersected by 
granite, presumably of Group I and older than the Revsund granite 
of Group II. 

In the Loos-district there is no evidence of any great sedimentary 
series immediately preceding the Mansj6 granite. The only strata 
comparable with the Bothnian schists would be the somewhat doubtful 
“sparagmitic quartzite at the base of the Loos-series, which seems to be 
invaded by the Mansj6 granite. 

If, however, the Daasen granite is taken as a separate granite, inde- 
pendent of the Risberg group, a correlation of the sub-Loosian schists 
with the Skelleftea as well as with the Tammerfors schists, may be 
tentatively suggested. 

The relationship between the old granites of the Skelleftea field 
and the old granites of Central Sweden is by no means clearly established, 
even if the first mentioned are, undoubtedly, the oldest in their district. 
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Neither is the relation of the different varieties of the big group of 
Finnish central granites to the granites of Central Sweden based on 
anything more substantial than circumstantial evidence. 

One may conceive a somewhat younger age for the old granites 
of the Skelleftea area, as well as a chronological range of the Finnish 
central granites including both the Mansjé and Daasen granites. 

This would, in SEDERHOLM’s terminology, make the sub-Loosian 
schists Bothnian. 

If, on the other hand, only the sparagmitic quartzites were Bothnian, 
the ascending succession of sub-Loosian schists would have no counter- 
part within Central and Southern Sweden, but may in Finland be 
correlated with the lower quartzites of SEDERHOLM’s Karelidic cycle. 

The correlation of the unconformity underlying the lower Loos series 
also presents difficulties. 

In Central Sweden, a distinct period of diastrophism preceded the 
intrusion of the granites of Group III (Filipstad granite), and was 
accompanied by renewed volcanic activity and sedimentation, of which 
scattered remains occur in Central Sweden, such as the Smaland por- 
phyries, and the Amal formation. In Finland, the epoch is represented 
by the wide-spread Karelian schists and quartzites. 

The lower Loos-series, the porphyries especially, may be correlated 
with the Smaland-porphyries and the Risberg granite with the granites 
of Group III. This correlation is, however, only suggested by the petro- 
logical correspondence between the southern and northern rocks. On 
the other hand, its contemporanity with the porphyries, porphyrites, 
tuffs, agglomerates and quartzites of the Amal-series remains doubtful. 
The assumption of a synchronal age would be strengthened if the sub- 
Loosian schists could be included in the lower Loos-series. The unmis- 
takable unconformity of the bedding planes, even if at a low angle, 
apparently excludes an unbroken succession. 

There is, however, a possibility of an erosion having occurred, ori- 
ginated by local regression during the sub-Loosian sedimentation. Oscil- 
latory crust-movements may have resulted in »contemporaneous denu- 
dation». This would have led to a slight unconformity between the 
voleanic lava flows and the underbedding sediments, although no 
chronological epoch would have separated the volcanism and the sedi- 
mentation. 

In view of the somewhat doubtful position of the sub-Loosian series, 
this alternative suggestion of a lower-Loosian age must not be ignored. 

Turning to the upper-Loos series, no corresponding sediments from 
Central Sweden have been described so far, which may be explained as 
the immediate erosion-products of the land surface originated by the 
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_ extrusion of the Smaland and Amial-porphyries and the intrusion of the 


Smaland and Filipstad granites. 
In consequence of the two great unconformities, one overlying the 
upper Loos series and the other underlying the sub-Loosian series, the 


author prefers to comprise this geological period under the term Upper 


Archean. 

The former unconformity also indicates a change in the character 
of the orogenic agencies; no very great mountain folding and »regional 
dynamic metamorphism having occurred in post-Loosian times. 

A correspondence may be found to the sediments of the Noppi-series 
in the Dal-formation — not to be confused with the Dala-series. It lies 
unconformably on the strongly folded AmAl-formation, and is unaffected 
by the great distrophism of Southern Sweden which supersedes the 
intrusion of the granites of Group III. This latter diastrophism is not 
represented within the Loos-Hamra region. It is suggested by the writer, 
however, that the folding of the upper: Loos-series may have been con- 
temporaneous. 

In his preliminary report of 1934, the author suggested that the upper 
Loos sediments are synchronal with the Vargfors conglomerate, which 
at that time was known to be -younger than the Revsund granite. 
A. Hécxsom, however, has shown that the Sorsele granite intersects 


the conglomerate. The present author has had an opportunity of 


studying the Vargfors conglomerate in the field, and has found it 
petrographically very different from the upper Loos-series, and to be 


-more like the basal conglomerate of the Dala series. Such a correlation, 


however, leads to difficulties, as the Sorsele granite has been assumed 


_ to be of the same age as the Ratan granite. The latter, on the other hand, 


is in the present memoir definitely proved to be older than the basal 
Jotnian conglomerate. 
Megascopically, the Sorsele granite is quite different from the Ratan 
granite. It is also intersected by porphyry dykes very similar to the 
Dala porphyries. The correlation of the Vargfors conglomerate and the 


basal conglomerate W. of the Noppikoski would lead to the conclusion 
that the Sorsele granite is of the same age as the older Rapakivi granite. 


The writer is not in a position to judge whether such a correlation 
is reasonable or not. He must say, however, that the Sorsele granite 
did not give him the impression of being petrographically of Rapakivi 
age. 
The difficulties with regard to the granites are avoided if the Vargfors 


conglomerate and the Noppi-series are correlated. Even in such a case, 
however, petrological and metamorphical discrepancies would still 


remain between the two series. 
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In this connection a few words may be said respecting the correlation 
of granites far removed from each other. The synchrony of two plutonic 
magmas will always be rather uncertain as long as we know nothing 
either of the length of the period during which a magma may be kept 
fluid, or of the rate at which the differentiation processes take place. 
A granite differentiate may be kept at a stable composition for some 
considerable time if the pressure and temperature do not change. 

The age of a granite is a relative conception associated with a com- 
paratively shallow erosion section of the earth-crust. We have no 
guarantee as to which of two magmas — the one intruding the other 
— is really the younger one. The invaded magma may have reached 
the level at which it is uncovered to-day later than the invading one, 
which may nevertheless have been differentiated at an earlier date. 
One and the same magma may even have been split into two or more 
separated magma portions displaced laterally and each working its 
own way at different accelerations to higher levels. 

The consequence of such reasoning would be that a magma intruded 
into one locality at one orogenic period might actually be genetically 
contemporaneous with another intruded some distance away during 
a later period. 

The Sorsele granite may be of Ratan age, even if it should be proved 
to intrude into basal Jotnian conglomerates — the geographic surface- 
distance between the two being great enough to account for a very 
considerable difference in their rate of ascension. Or it may represent 
a magma of no plutonic correspondence within the Loos-Hamra region. 

Only very great orogenic and magmatic paroxysms of regional cha- 
racter, occurring at about the same stratigraphic level, may be taken 
with a resonable degree of verisimilitude as evidence of synchronal age. 
The diastrophism following upon the intrusion of the palingenetic 
Stockholm and Mansjé granites may be cited as an example. Even 
in this case the correlation cannot safely be extended over too great 
distances. The Bohus granite of 8.W. Sweden has been suggested as 
representing a palingenetic granite of a subsidence area, — but is 
probably considerably younger than the granites of Group II. 

In Finland, SeperHotm has tried to bridge part of the great gap be- 
tween the end of Lower Archzean time, at the close of the above men- 
tioned diastrophism, and Jotnian times, by creating a chronological 
sequence based on the Karelian schists, the Petrosavodsk and Hog- 
landian sediments and the injection of plutonic and eruptive rocks. 
Unfortunately, the scarcity of outcrops and the large areas scarcely 
yet covered by any detailed survey make this chronology seem to be 
based more on intuition than on actual facts. At a lecture given by 
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the present author at Helsingfors some years ago, SEDERHOLM (shortly 
before his death) suggested that the upper Loos sediments might be 
of an early Karelian age. 

On the same occasion he agreed that there existed the probability 
of a correlation between the basal conglomerate of the Jotnian series 
and the Hoglandian conglomerate. This would make the Hogland 
quartz-porphyry, previously assigned by SEDERHOLM to the later pre- 
Cambrian, contemporaneous with the Noppi porphyries. 

In the writer’s preliminary report, he assigned a »Noppi-age» to the 
Swedish Almesikra formation, in consequence of its petrological resem- 
blance to the conglomerate on top of the Noppi-series. As the conglo- 
‘Mmerate in question has now been shown to be the basal one of the Dala 
series, the Almesakra series must, consequently, be contemporaneous 
with the Hoglandian formation. This is to some extent confirmed 
by the pebbles of the Almesakra conglomerate being found as inclusions 
in doleritic diabase of presumable Jotnian age. At the time those 
pebbles were engulfed by the diabase, the conglomerate must still 
have occurred as uncemented pebbles. Theoretically, their age is limited 
downwards by the sub-Jotnian unconformity and upwards by the 
late-Jotnian age. The climatic conditions ruling at the time of the 
cementation, however, were. not arid, or the conglomerate would have 
‘displayed the red colour of the Jotnian sediments. The evidence, 
consequently, is in favour of a sub-Jotnian sedimentation of Hoglan- 
dian age. 

On account of the intermediate position occupied by the Noppi and 
Hoglandian series, between the Upper Archean and the Jotnian, the 
author proposes for them the collective term: »Pre-Jotnian». 

This nomenclature is also justified by the great unconformity in cli- 
‘matic conditions inaugurated at the beginning of the Jotnian epoch. 

In the author’s preliminary paper, he assigned a Hoglandian age 
to the lower Dala series, too, placing the sub-Jotnian unconformity 
‘at the base of the younger Dala series. The previous chapter has fully 
‘explained the reasons for including these latter series in the Jotnian, 
limiting the sub-Jotnian Hoglandian to the unconformable sedimenta- 
tion on top of the Noppi series. 

Consequently, the Finnish sandstone area at Bjérneborg and its 
diabases are also suggested by the writer to be of Jotnian age, and 
contemporaneous with the Jotnian sandstones of Dalecarlia and 
Nordingra. ; 

_ Finally, a few words may be said regarding the quartz porphyries 
‘at the bottom of the Baltic. Reference has already been made to the 
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probability of their Noppi age (cf. p. 245). Late-Jotnian sandstone 
occurring at about the same topographical level at Nordingra and 
Bjérneborg, on either side of this sea, suggests a downfaulting of the 
Baltic »rifty in post-Jotnian, or even post-Silurian, time (cf. the Silurian 
sediments on the islands outside Gavle and at Kultebo (3, p. 339)). 

Knowing the average depth of the Baltic and assuming an average 
thickness of the Noppi and Dala series, an estimate may even be made 
of the minimum vertical displacement of this down-faulting. Com- 
parative research of the above-mentioned sedimental areas and the 
Hamra-Dalecarlia region, supplemented by further study of the tec- 
tonic block movements along the coast may limit the errors of such an 
estimate. 

No figures are given, but an estimate based on the present very 
ncomplete evidence indicates a subsidence of thousands of metres. 


Concluding Remarks. 


The author is fully aware that his brief discussion of the chronological 
sequence of the Loos-Hamra region is hardly more than a collection 
of »buts» and »ifs». . 

He wishes to emphasize the concluding paragraph of his preliminary 
paper, wherein he pointed out that the whole of the above correlation 
is to a great degree tentative and that much more comparative study 
will be necessary before it is possible — if ever — to finally decide on 
the liklest interpretation of the riddles. 

He is also aware of the incompleteness of the present memoir — 
many important questions being only touched upon, and many minera- 
logical and petrological problems being treated but cursorily. 

The wide field covered by the survey, the manifold varieties of rock- 
series and the limited space available for publication have necessarily 
made a detailed description of the localities impossible. 

The work, being a one-man job, has, of course, not been executed 
with the thoroughness characterizing the staff-work of an official 
department. As, however, the region will not be mapped by the Geo- 
logical Survey of Sweden for many years to come, the author ventures 
to cherish the hope of having temporarily filled a blank and made a 
useful contribution to the geological knowledge of his country. 
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Déasen granite from Daasenberget. ...... - 
Déasen granite, aplitic, from Karlsberg. . . .. . 
Déasen granite, gneissose, from Losberget 

Mamnsjé granite north of Svensbo. ..... . 
Mansj6 granite from Nyby ........ 

Mica granite from Woxna alv. . dec 
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In addition to these new analyses, 34 rock-analyses and 29 mineral analyses have 
been published by the author in previous papers, given as Nos. 2, 4 and 5 in the appended 
list of references. The localities of the most important of these early rock-analyses 


are given on the map attached to this memoir. 
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Nagra nyfunna gadolinitkristaller fran Ytterby. 
Av 


L. O. Martin. 


(Manuskr. inkommet 1°/s 1936.) 


Materialet, a vilket foreliggande undersékning Ar utford, utgores av 
3 st. kristaller, som av davarande teknologen J. Srituep och forfattaren 
insamlades under ett besdk vid Ytterby i bérjan av maj manad 1934, 
Fynden gjordes i gamla varpen. Flera huvudsakligen av faltspat 
bestaende pegmatitstycken hittades, i vilka ritt stora gadolinitkristal- 
ler med en mer eller mindre fullkomlig idiomorf begransning sutto 
inspringda. Ur dessa pegmatitstycken kunde utom ett flertal kri- 
stallfragment med en eller annan yta 3 st. val utbildade kristaller 
framprepareras, som visade en sadan formrikedom, att en beskriv- 
ning av desamma ansags vara av intresse. 

Samtliga kristaller voro mer eller mindre utpriaglat tavelformiga 
efter basis och matte mellan c:a 15 xX 20 x 8 och 20 X 20 X 20 mm 
efter respektive a, b och c-axlarna. Samtliga sutto med en mindre 
del anvaixta vid den faltspaten omgivande kloritiserade biotiten och 
visade ej idiomorf begransning gentemot denna. Detta betyder att 
gadoliniten fran Ytterby kristalliserat efter biotiten men foére falt- 
spaten. Ytorna voro i regel litet matta och speglade daligt. Har och 
var, sirskilt 1 a vissa ytor lokalt upptradande sprickor och oregel- 
bundna fordjupningar, syntes spar av ett vitt pulver, antagligen ten- 
gerit. Da kristallerna pa grund av sin storlek och ytornas beskaffenhet 
varit svara att miita med reflexionsgoniometer ha inga noggranna vin- 
kelvirden erhallits. Varje reflex bestod av ett diffust begransat gan- 
ska ljussvagt skimmer, som i allminhet héll sig konstant inom ett 
omrade motsvarande maximalt ungefir */,° vridning pa skalan. I 
vinkeltabellen ha dirfér endast vinkelvarden angivits i helgrader eller 
i vissa fall halvgrader. Virdena iro emellertid tillrackligt noggranna 
for att tillata en identifiering av formerna. De stora ytorna ha mitts 
med kontaktgoniometer, varvid ratt goda virden erhallits. 

De sma ytorna daremot voro undantagslést jimnare och mera speg- 
lande och kunde mitas med reflexionsgoniometern. Fig. 1 giver en 
forestillning om en av kristallernas utseende. 
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Fig. 1. Fotografi ay kristall nr 2 i c:a 2 ger férstoring. 


A den fortydligande teckningen prickade omraden betyda brottytor. 


KerashiaulleeNeree 


A denna kristall funnos 21 ytor representerande 10 identifierbara 


former. 
Féljande former ha observerats: 


e{'01}; q {O11}; w {012}; y 


{021}; b {010}; — m {110}; 
a{100}; 14120}; p{111}: -of1 


Vinkeltabell. 

Matt. Beraknat. + 
wee Cll): (Ole... ey a: 52°53" 
wirti(OU2) (COON) care yo -4 =2 ae se 331/2° 33° 27’ 
wires lay (QOL tee sce sare +s 33° 83° 27' 
GOL S KOO) Foe news oa ws oo BS Bye ABy 
ymowtUSbye (OL) 405 ac 8s wee Oe 58° 40’ 
Dee VOLO) (OUR) ime eee, tex) = ge tele br 90° 
GSES LL VS COOT SS oe oz us eave » . 125° 125°:30' 
wae a OLey (OOD) ame @ aa a. +e «aw 146° 146° 83’ 
mun LL OVA (OOM we xa o6 be as oe 891 /2° 89° 3811/2’ 
ane (LOO) SHOUD) nase «eee va ee 891/2° 89° 26/9’ 


1 S& gott som uteslutande enl. J. ScHETELIG (Videnskapsselsk. Skr. Mathem.-Naturv. 
Klasse 1922 no. i sid. 105, Kristiania 1922) samt Daya. 
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Beraknat, 
89° 3811/2’ 
90° 281/29’ 
90° 281/29’ 
67° 411/29’ 
67° 4114/2" 
68° 30’ 
68° 30’ 
did wee 
19° 26% 
58° 53/2’ 
59° 16’ 

103° 8371/2’ 
51° 41’ 
51° 5612/2! 
64° 12” 

115° 48’ 
66° 541/29! 

105° 46’ 
38° 31/2! 


Denna kristall har 20 ytor representerande 10 identifierbara former. 
Den har de jamnaste och bist speglande ytorna och ager 1 stort sett 


samma habitus som den féregaende. 


Tyvarr begrainsas kristallens 


bortre del sa gott som uteslutande av gamla brottytor. Dock ar pyra- 

midformen p {111} kraftigare utvecklad, under det att ortopinakoiden 

a {100} ej sikert kunnat identifieras. 
Foljande former ha observerats: 


ec {001}; q {O11}; w {012}; b {010}; 
p{1ll); 0 (TIL); {121}; £122}. 
Vinkeltabell. 
Matt. 

qic COLT): (001i meee eles 53° 
wie (O19) t00T eS ee 331/9° 
wie (ENGI SS ARE ty 331/2° 
qie = (012): OOH. 2 58° 
bie COLO) F( GOL) ee eee 90° 
qic COLL (OUL) ance. 541/2° 
wic (OLD SPOOL. een e Beene 33/2 
mc (LLO} EOC ae ene 891/2° 
mc (110) (00 ee" ona 90° 
Dac (111) sO ee 671/2° 
Dec (111) S(OOR ite st Genes en 6714/2 
o:c (LL1)(002) eee 68° 


m {110}; 


1 {120}; 


Beriknat. 
52° 53’ 
33° 27! 
Sones 
52° 53" 
90° 
54° 30’ 
83° 27’ 
89° 3811/9’ 
90° 281/s’ 
67° 411/9’ 
67° 4121/9! 
68° 30’ 


Bd 58. H. 2.] NYFUNNA GADOLINITKRISTALLER FRAN YTTERBY, 347 


Matt. Beraknat. 
hen (120) SCIRO yg asc . te Ute 
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Pea dA20ye ZL) eS <6 lee 17° 20’ 


Kristaill Nr’sS: 


Denna kristall har 12 ytor representerande 9 bestiimbara former. 
Den ar den mest deformerade och mest ofullstindigt utbildade av de 
tre. A de bagge foregaende dominerade basisformen och gav kristallen 
en tavelformig utbildning. A denna kristall upptrida prismorna sa- 

.som dominerande former och kristallen har darigenom i forhallande 
till de féregaende en mera isometrisk habitus. Ytorna dro oftast ratt 
jaimna och glinsande. Kanterna aro dock sallan hela. 

Foéljande former ha observerats: 


© {001}; q {O11}; w {012); b {010}; m {110}; 1 {120}; 
p {111}; o {111}; a {100}. 


Vinkeltabell. 
Matt. Beraknat. 
ee Ui EL) ) ee 52° 52 53! 
ware Ole: (OOL) me mest oens 33° Boucle 
Waele: (O00 )ie een ae se oe 3381/2" 3 27 
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Dot cCL EL) e(OLL) on. oor oy: as 51° 51° 41’ 
mim (110) (110). wen: oes 64° 64° 12’ 
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Foéljande sammanstillning visar de olika formernas fordelning pa 
de sarskilda kristallerna: 
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Stockholm i mars 1936. 
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Till fragan om granitgrupper, bergskedjeveckningar och 
cykelindelning inom Fennoskandia. 
Av 
HELGE G. BackLuNpD. 


(Manuskr. inkommet 16/s 1936.) 

I ett foredrag i Svenska Mineralogiska Sillskapet, som jag ej haft 
tillfalle att 6vervara, men som numera foreligger itryck, har W. WAnL 
(1) kommit med synnerligen beaktansvirda synpunkter pa principen 
for behandlingen av vart fennoskandiska urberg och dess graniter. 

I Wauts synpunkter kan jag endast fullt instimma, emedan sedan 
mer an 25 ar tillbaka mina falt- och laboratorieundersékningar oavlat- 
ligen varit inriktade pa studiet av upptradandet av magmabergarter 
inklusive graniter av olika aldrar inom gammalpaleozoiska, ungpaleozo- 
» iska och tertiira bergskedjor, alltsa i de mest olikartade snitt av jord- 
skorpan. Salunda gavo mina uppslag (1911/13), att de s. k. anden- 
graniterna och -dioriterna 1 falt motsvaras av 3—5 olikaldriga graniter 
resp. dioriter, upphov till intensiva diskussioner 1 Argentinas Geologiska 
Undersékning (1912, 1913) samt hade till foljd att W. PENcK i sin senare 
storstilade Atacama-undersokning (2) begagnade dessa uppslag som ut- 
_ gangspunkter fér sin diskussion av den andina orogenesen. Till foljd 
av ovidkommande tilldragelser utkom resultatet av mina kombinerade 
falt- och laboratorieundersékningar nagot senare 1 annan form och ba- 
serat pa nagot annat material an som ursprungligen planerats (3, 4), 
men torde dock i sin distinkta formulering vara ett av de forsta upp- 
slagen i denna riktning. Ungefir samtidigt, eller nagot tidigare, hade 
jag pa basen av material, som uppsamlats av annan geolog, kunnat 
 konstatera atminstone tva synorogena och en postorogen granitintru- 
gion inom senpaleozoisk (variskisk) bergskedjebildning (5, 6). Nagot 
senare hade jag i falt kunnat faststiilla (1915, 1917) att inom gammal- 
paleozoisk bergskedjebildning (Sajanerna, Tannuola) forekommit 1—2 
synorogena samt en postorogen granitintrusion, vilket jag i forbigaende 
namner i notiser med annat syfte (7, 8). Mellankommande omstindig- 
heter férhindrade detaljutredningar aven i detta fall. Vidare har den 
med QUENSEL (9) gemensamt utforda karteringen av Vasterbottens- 
fjallen visat, att inom de skandinaviska kaledoniderna flera olikartat 
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tektoniskt deformerade, saledes olikaldriga syntektoniska graniter aro 
representerade, och att aven sen- och posttektoniska graniter dar pa- 
triffats; detta torde klart framga av den rel. utforliga teckenforklaringen 
till kartan, trots att kartbeskrivningen ledsamt nog — jag beklagar det 
sjilv mest — Annu ej utkommit. Denna erfarenhet om olikaldriga 
graniter var vagledande vid faltkarteringen, liksom aven principen for 
grénstenseffusivens i samma bergskedja olika aldersstallning (10, 11). 
Tidigare har Gotpscumipr (12) givit antydningar i samma riktning. 
Erfarenheten fran Vasterbottensfjallen visade, att graniter 1 sparen av 
gronstenseffusiven, men oavhangiga av dessa, stego hégt upp 1 de skan- 
dinaviska kaledonidernas flyschformationer, att de saledes O6vertvara 
stratigrafiska (och tektoniska) diskordanser inom fjallkedjan (13). 
Slutligen visade mangarig falterfarenhet fran Ostgronlands kaledonider, 
som i sina strukturer, texturer och sin granitpenetrering i sa hég grad 
paminna om urberget, att geologer med ej alldeles forakthg erfarenhet 
fran urberget (O. NorDENSKJOLD 14, A. G. NarHorst 15) karterade 
berggrunden som urberg, — erfarenheten dirifran visade, att repe- 
terade granitisationer i olika nivaer av sedimentpacken aro nara nog 
generella, att granitintrusionernas 6vre grins ej kan faststillas (16, 17), 
men att tillsynes »postorogena» granitintrusioner stiga upp t. 0. m. 1 
den kaledoniska molassens mellersta delar (devon, 18, 19); emellertid 
gar denna molass, liksom i Alperna, Himalaya, ej fri fran vecknings- 
rorelser av rel. ansenlig amplitud (20). Granitintrusioner rapporteras 
aven fran kaledonidernas molass i Skottland (21); ej att férglomma 
kvartstrakyten fran W-Norges (mellan-)devon (22). Typiska flysch- 
bildningar ha annu ej patraffats inom Ostgrénlands kaledonider (23); 
den hégsta paleontologiskt dokumenterade stratigrafiska nivan inom 
ej granitiserade delar ay bergskedjan motsvarar ordovicium. Mojligen 
har flyschen fallit offer for molassnedbrytningen, vars samlade deposi- 
tionsmaktighet uppgar till 6ver 7,000 m (20). 

Med denna samlade f a1 terfarenhet anser jag mig vara berittigad 
att yttra ett par ord till diskussionen om fennoskandisk berggrund. 
Desto mera som iiven har min filterfarenhet fran talrika exkursioner 
kors och tvirs i Fennoskandia ej ar helt forakthg och som denna fialt- 
erfarenhet i flesta fall foljts av laboratoriestudier utan forutfattad — 
mening. Det antal geologer, som anse att erfarenheter fran andra falt, 
aven om de ibland med en smula férakt beniimnas »exotiska», ej kunna, 
mutatis mutandis, tillimpas paé fennoskandisk berggrund, torde vara 
ringa, sd snart de anslutit sig till den av SEDERHOLM sirskilt hégt 
stillda uniformitaristiska tankegangen (»aktualitetsprincipeny). Desto 
mer som Jag redan i en forelisningsserie h. t. 1933 éver fennoskandiskt 
urberg delvis brutit med den giingse askadningen, fér att vid tillfalle 
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nar samma forelisningsserie nista gang aterkom (°/, 1936) helt bryta 
med densamma. Ty numera (sedan slutet 1935) foreligga de ryska de- 
taljundersékningarna fran delar av Kolahalvén (24) och deras éversikt- 
liga sammanfattning (25), som man sa lange vantat pa for att kunna taga 
steget helt ut. Att grundlinjerna for den nya behandlingen av urbergs- 
problemen sammanféllo med Wauts korta principiella skissering, bér ej 
tolkas som tillfallighet, utan snarare i den riktning att vi ro pa ratt 
spar. For att forhindra misstolkning, som redan synes vara pa farde, 
och for att understrykande av sekundira fenomen ej] ma stiilla de pri- 
mira riktlinjerna i skuggan och dirmed principen avfirdas som ej 
tillimplig pa fennoskandiska férhallanden (26), béra ett par grund- 
_linjer, som Waut ej framhallit, betonas nagot starkare. 

SEDERHOLM som riktat var urbergsforskning med sa talrika frukt- 
barande uppslag ansdg sig helt och konsekvent behirskad av uni- 
formitaristiska tankegangar. Bortsett fran de detaljfall, dir mojligen 
yaktualitetsprincipen» ej ager full tillampning pa sa langt avligsna tid- 
punkter det ar fragan om i vart urberg, vill jag pasta, att han ej varit 
konsekvent i en huvudpunkt; han betraktade Fennoskandia fér ut- 
praglat som en nara nog homogen arkitektonisk enhet, vilken vid 
intradande deformationstillfallen 4ven i avlagsna tider reagerade lik- 

-formigt bl. a. genom samtidigt intrangande av »granitmagmory i olika 
mer eller mindre tillfalliga delar av de subkrustala formationerna. Att 
detta hans betraktelsesatt i huvudsak arvts fran den uppfattning kvar- 
targeologerna ej allt for langt tillbaka agde om det stérre Fennoskandia 
torde ej kunna betvivlas, ehuru studiet av tyngdkrafts- och magnetiska 
anomalier numera bidrager till att skingra denna forestillning, da ano- 
‘malierna visa att det nutida Fennoskandia i deformationshanseende ej 
kan vara varken homogent eller enhetligt. Konsekvenserna av detta 
betraktelsesitt blev, att en forestillnng om en gemensam magma- 
basséing under Fennoskandia maste postuleras. Vid: pa varandra i 
olika delar av Fennoskandia féljande »orogena» deformationer ut- 
t6mdes — under fortgaende differentiationer — denna reservoar, kri- 
stalliserade delar inforlivades med évre delar av jordskorpan, som till- 
tog i tjocklek, sa att de yngre deformationerna i allt mera begrinsat 
omfang fororsakade »magmainjektioner» underifran, och de yngsta de- 
formationsstraken (och yngsta sedimenten) gingo helt fria eller erhdllo 
endast minimala materialtillskott underifran. Graden ‘av gra- 
nitisering, intensiteten av successiva granitintrusioner, var sa- 
ledes ett uttryck for aldern av deformations- eller rattare sediment- 
straken; de yngsta voro granitfria. Till detta forestallningssatt, somata) 
tager hansyn till de aldre deformationsstrakens starkt och lokalt okade 
resistens och dirmed isostatiskt forvarvade stigningstendenser Jamte 


392 HELGE G. BACKLUND. [Mars—April 1936. 


angransande lateralomradens motsatta reaktionsinstallning, knyter sig 
ofrivilligt férestillningen om den »primiira stelningsskorpan» eller su- 
prakrustalformationens underlag som den aldsta av dessa cykler; 1 
bakgrunden skymtar aven bilden av magmareservoarens eller djupare 
smiiltflytande delars slutgiltiga kristallisation med fantastiska struk- 
turer, infér vilka den lika fantastiska non-possumus-tolkningen »likvid 
differentiation» tillgripes. Bagge dessa sistnimnda nédfallstolkningar 
uttalades visserligen aldrig av SEDERHOLM sjalv, som tydligt insag deras 
ofruktbarhet, men de antogos dock pa annat hall som logisk konsekvens 
av den ensidigt utnyttjade arbetsmetodiken; ty dartill kom det fatala 
cirkelslutet, att formationer, eller arealer med de mest fantastiska och 
kontrastrika »djupmagmatiska flytstrukturer» representera de djupaste 
horisontalsnitten i jordskorpan, att de saledes innehava den hégsta al- 
dern, en slutledning som pa det intimaste sammanhinger med anforda 
nodfallstolkningar. 

Hartill konstaterar Wauu nyktert och klart, att alla bergskedjor aro, 
oavsett deras aldersstallning, »granitinjicerade» och granitiserade, och 
kunna vara det i lika hog grad. Grinsen harfér ar dragen endast av det 
djup, a vilket granitisk »stelning» forekommer, samt erosionsblottning 
jamte observationsm6jligheter av motsvarande strukturer, saledes aven 
»adergnejsbildningary m. m., betingade endast av den. stighédjd det 
sammanveckade blocket t. f. av jamnviktsbetingade rérelser inom storre 
subkrustala omraden férmar prestera. Har skulle jag vilja tillfoga att 
granitiseringen, resp. granitiseringshéjden inom en 
och samma bergskedja i dess strykningsrikt- 
ning ar starkt varierande: i vissa delar stiga graniterna, 
oftast 1 flera repriser, upp i de geosynklinala sedimentpackornas évre 
och dversta delar, i flyschen, ja t. o. m. i de till bergskedjan omedel- 
bart anslutna nedbrytningsmassorna, d. v. s. molassen, for att i andra 
delar forbliva osynliga t. 0. m. i geosynklinalens tidigaste utfyllnings- 
sediment; bergskedjeavsnitt med dylika differenser i stighéjd kunna 
ligga omedelbart bredvid varandra. Granitiseringen ar tillsynes i mind- 
re grad avhingig av den (basiska) ytvulkanismen inom geosynklina- 
len, som kan upptrida sdval mot slutet av evolutionsfasen — eller vid 
dess olika etapper —, som vid olika revolutionsfaser inom geosyn- 
klinalbildningar. Denna senare kan. saledes vara aldre och yngre 
in de olika granitiseringsfaserna, siledes i senare fall med sina skiv- 
formiga tilloppsapparater genomskira vissa graniter, som tillhéra sam- 
ma geosynklinala utvecklingsskede. | | 

Som féljd av dessa komplexa aktioner inom geosynklinalen, vilka 

oftast och repeterat kulminera i smirre eller stérre revolutionsfaser, 
uppsta forindrade sedimentationsbetingelser, som taga sig uttryck i 
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lokala och regionala faciesf6riindringar, »luckor», erosioner med kon- 
glomeratbildningar, vinkeldiskordanser av olika typer, och varigenom 
smirre eller stérre repetitioner av erosions-sedimentationscykler upp- 
trida; dessa hora dock helt till samma gemensamma storre och fortlé- 
pande utvecklingslinje. Vid den senare efterféljande granitiseringen 
kunna dessa oregelbundenheter lokalt helt utplanas. Upptriidande av 
conglomerat, éiven om bland dess bollar djupbergarter firo representerade, 
kunna saledes ej vara vagledande fér indelningar i stérre full- 
stindiga sedimentationscykler av different alder, sa- 
lange vagledande fossil ej férefinnas, lika litet som antalet pa var- 
andra f6ljande granitisationer kan vara det. Allra minst inom sedi- 
mentationsbiicken av sa hég alder som de arkeiska, for vilka i sedi- 
mentationshanseende »aktualitetsprincipen» troligen ej ager full till- 
fémpning. Ty medan fér postkambriska tiders olikaldriga geosynkli- 
naler ur sedimentens karaktér oftast kunnna avlisas de differenta 
milj6betingelser, under vilka vittring, transport och avlagring av ut- 
yllnadsmassorna férsiggatt, ar tolkningen av arkeiska sediment fran 
iknande synpunkter behiftad med stor osikerhet redan pa grund av 
itt organiskt liv varit sparsamt — om alls — representerat. Det kan 
‘Or sa avliigsna tider dock med stor saikerhet forutsittas, att en full- 
aindig sedimentationscykel bestar av féljande uppat pa varandra 
éljande led: normala sediment i den vanliga kvalitativa successionen, 
lyschbildningar (i en eller flere repriser, atskilda av mer eller mindre 
niktiga normala sediment) samt molassbildningar. Da dessa senaste aro 
ill stérre delen utpriglade landbildningar, falla de snart offer for fort- 
6pande erosion och fro endast i undantagsfall bibehallna till nutid. 
ied ganska ‘stor sikerhet bora de olika, varandra 1 tid och position av- 
6sande prekambriska sedimentationsbickena — geosynklinalerna — 
nnehalla mera utpriglat likartade sediment 4n som 4r fallet 
nom olikaldriga postkambriska geosynklinaler. 

Av vad som ovan anférts framgar med all 6nskvird tydlighet, att 
rarken »sedimentationscykler» eller »granitiseringscyklery kunna vara 
figledande fér en stérre kausalbetonad indelning av vart urberg, fram- 
6r allt ej nar det giller att parallellisera eller sammanstalla tvenne ~ 
epresentanter av den ena eller den andra cykeln fran olika delar av 
len fennoskandiska arealen. Detta uttalar Want tydligt, i det han 
ramhailer bergskedjeveckningen, vars »réttery vi observera, som enda 
Allbara princip fér en stdrre indelning av vart urberg, och att en- 
last bergarter, magmatogena eller sedimentogena, t il i 
Forande samma likriktade veckningsgrupp, aro | 
Moedelbart jimforbara i alder och position. 
lartill ville jag bifoga féljande fértydligande. En bergskedja uppstar 
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enligt gingse uppfattning genom sammanveckning av samtliga sedi- 
ment inom ett sedimentationsbacken av geosynklinal karaktir. Vec k - 
ningsstilen dr i stort avhangig av sedimentens 
olika veckningskompetens, kan alltsa vaxla fran etage 
till etage. Veckens orientering bestimmes av det labila (sedimenta- 
tions-)omradets (langstrickta) form, av rérelsekomponentens riktning 
och av ev. stabilomraden, som kunnat kvarsta som positiva rester inom 
geosynklinalens allmant negativt betonade arealer. Veckaxlarna for- 
lépa saledes i allmanhet parallellt eller subparallellt, divergera kring 
resistensrester, for att ater konvergera pa andra sidan om dem, svanga 
mjukt kring mera motstandskraftiga ojamnheter av sedimentations- 
backenets stabilare rander. Det bor emellertid understrykas, att lk- 
som sedimentationen inom en geosynklinal kan stracka sig over flere 
geologiska »perioder», likasa ar sammanveckningen oftast en langsam 
affar: den ager rum 1 flere repriser, under vilka veckningen alltmera 
tillskarpes och varigenom veckaxlarna visa benaigenhet att ordna sig 
i mindre regelbundet upptradande kulminationer och depressioner. En 
halveirkelformig ombéjning 1 dagsytan av strykningen inom 1 6yrigt 
parallelltgaende veck och strykningsriktning ar saledes endast ett ut- 
tryck for denna frihetsgrad 1 rorlighet hos veckaxlarna inom ett kon- 
formt veckningssystem, vari halvcirkelns stérre eller mindre radius 
ger en forestillning om bergartsledens olika kompetens och kan sa- 
ledes ej] uppfattas som diskordans i egentlig mening. Senare defor- 
mationer inom samma system f6lja de gamla sparen. Veckningen 
ar saledes konform, konsekvent och homonom, 
Kn mekanisk pafrestning, som gor sig gillande efter att maximal sam- 
manveckning agt rum, utléses ofta i en veckning av annan stil, men ir 
fortfarande konform och kallas girna posthum; denna hor till samma 
tektoniska system. 

Yngre veckningar, tillhérande andra geosynklinalomraden, 
forhalla sig inom sitt eget system likartat som det féregdende, men 
aro med hansyn till det Aaldre Svertvarande, 
avskirande, reneganta (27). Varken sedimenta- 
tionscykler eller granitiseringsfenomen iro 
till alder eller position jimférbara mellan Sy- 
stem av renegant inbérdes stallning. Utgaende 
fran dessa principer har jag fér nagon tid sedan i samband med mina 


forelasningar kommit till foljande stérre grupperingar inom fennoskan- 
disk bergerund: 


aldst: 1) Svecofennider (sédra och sydvastra Finland, mellersta 
Svealand intill Filipstads bergslag, norra Ostergétland). 
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2) Norvegosamider! (Kolahalyén med det nordfinska eranu- 
litmassivet och Sydvaranger). 
3) Gotokarelider (vastra Sverige, sédra Norge, norra Sverige, 
norra Finland och Karelen jiimte sydéstra Sverige) 
_-yngst: 4) Kaledonider. 


1) stryker generellt i E—W, 2) i WNW—ESE, 3) i N—S till NNW— 

ESE och 4) i NNE—SSW. Den yngre gruppen forhaller sig alltjamt 
renegant med hansyn till den nist aldre. Sedimentationen kan och bér 
Trepeteras inom atminstone 1—3 var for sig, likas4 granitisationer, utan 
att kunna i aldershinseende eller i Svrigt parallelliseras. 
_ Detta schema avviker féga fran Wants, ir nagot fullstaéndigare och 
mera kausalbetonat. En nirmare precisering och utdragandet av de 
fulla konsekvenserna for denna gruppering ar under forberedning for 
tryck pa annan ort och pa annat sprak. 
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Artur Rindell. 


IN MEMORIAM. 


De flesta yngre medlemmar inom Geologiska Foreningen sta fragan- 
de infor detta namn. Han var dock medlem sedan 1897 och hans 
namn aterkommer i medlemsférteckningen fram till 1930. I Férenin- 
gen, vid vars méten han under senaste artionde ej varit synlig, upp- 
tradde han endast en gang med diskussionsinligg (1918) till ett fére- 
drag av markgeologiskt innehall. 

Detta utesluter dock ej, att hans livsgarning varit av stor betydelse 
for fennoskandisk forskning pa tvenne omraden, som pa det intimaste 

«sta 1 kontakt med geologien. 

_ Det ena omradet var markforskningen. Genom kemiska och mine- 
ralogiska studier vid Helsingfors universitet (1869—74), som lektor 
i kemi vid Mustiala lantbruksskola (1878) och genom kemiska special- 
studier i Leipzig och Paris (1879—81) var han synnerligen val inford 
i det kemiska underlaget for sitt senare forskningsfalt. Som professor 
i agrikulturkemi och -fysik vid Helsingfors universitet (1900), som 
forste ordforande i dess agrikulturekonomiska sektion (1902) och som 
foérste dekanus (1906) i samma universitets lantbruksekonomiska 
fakultet nedlade han ett outtrdttligt arbete pa organisationen och 
utvecklingen av den lantbruksvetenskapliga undervisningen. I sam- 
band harmed var han forséksledare i Finska Mosskulturféreningen, 
som han organiserat 1902 och i vilken han sedan 1906 var ordférande. 
Han var en tid ordf6rande i Nordiska jordbruksforskares forening 
‘och staéndig ordférande i dess Finlands-avdelning. Han lyckades sa- 
ledes pa ett tidigt stadium i sitt hemland knyta jordbruks- och mark- 
forskning vid en centralinstitution: universitetet. Pa talrika resor 
fram och ater inom Skandinavien upptradde han som den energiske 
forkaémpen for nordisk markforskning. 

Det andra omradet var geologisk forskning och undervisning. Som 
medlem i det utskott, som hade till uppgift att planlagga Abo Akade- 
mi, papekade han limpligheten av att bland de férsta professurer, 
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som tillskapades vid Akademien, aiven det geologisk-mineralogiska 
laro- och forskningsomradet var representerat. Som vicekansler fér 
Akademien sedan dess start (1919) kunde han gora sitt inflytande 
gillande i den riktning att Akademiens Mineralogisk-geologiska In- 
stitution fran férsta borjan och i fortsattningen blev jamforelsevis 
vil utrustad med utrymmen, instrumentarium och handbibliotek. 
Han lade sitt inflytande i vagskalen for tillskapandet av en ny geo- 
logisk-mineralogisk forskningshird inom Fennoskandia. Hans privata 
mineralsamling (sirsk. Tammela) 4r numera inom institutionen bl. a. 
ett vackert bevis pa hans personliga omsorg for denna forsknings- 
gren. 

Artur Rindell var fédd i Abo */,, 1852. Han avled i sin fédelse- och 
hemstad #!/, 1936. Som personlighet var Rindell den ofdranderlige 
optimisten, standigt redo till uppmuntran, standigt beredd att bidraga 
till skingrandet av dysterhet infor svara situationer. Som ledande 
forskare inom sitt fack i sitt hemland féretraidde han standpunkten: 
utat hora vi till Norden och forhandla pa svenska, hemma bor var 
och en sprakligt upptrida som det fr honom och hans intressenter 
bekvimast. I upptriidandet i dévrigt var han forsynt och tillbaka- 
dragen, framhivde sist ay allt sin egen personlighet. 


HO Packie 
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Notis. 


Nagra synpunkter p& Leptaenakalkens bildningssitt. ! 
Av 


Bertin EK. Harpen. 


Den harskande och férf. veterligen av ingen forskare i senare tid mot- 
sagda teorien, att Dalarnas Leptaenakalk uppstatt som revbildning, ager 
ett visst std i den omstindigheten, att analoga bildningar inom skilda geo- 
logiska formationer jorden runt tamligen allmint betraktas saisom rev- 
bildningar. 

Reyteorien sadan den ganska enhilligt uppfattas i enlighet med J. Wat- 
THERS definition av ar 1893—94 (Kinleitung in die Geologie) forutsitter frimst 
av allt pavisandet av revbildande organismer in situ. Endast hiarigenom 
kan det geologiska revbegreppet hallas skilt fran avlagringar av t. ex. skal- 
bankarnas natur. En viss benagenhet till eftergift i detta hinseende Aven- 
~ som den erfarenheten, att ett stort antal nutida tropiska »rev» jimte fossila 
motsvarigheter uppbyggas huvudsakligen av kalkalger (bl. a. lithothamnier) 
ar siikerligen en av huvudorsakerna till den existerande enorma, alltjimt 
vaxande litteraturen om revbildningar (se t. ex. W. M. Davis, The Coral 
Reef Problem, 1928, samt nagra i det féljande omtalade sammanfattningar). 
I den stratigrafiska litteraturen moter ej sallan benimningen »skiktade 
rev». Detta ar enligt Cumines,? som skarpt havdar de genetiska principerna, 
»a curiously inconsistent term, since a typical reef is by its very nature a 
non-bedded structure». 

Vad Dalarnas Leptaenakalk betriffar, iro koraller visserligen antraffade, 
dock inga egentligen revbildande sadana. Kalkalger uppgivas aven, men 
deras kvantitativa och revbildande roll inom Leptaenakalken synes annu 
ej vara fullt utredd. (I nutida revbildningar inga som bekant kalkalger jamte 
atskilliga andra organismer sirskilt i utfyllningarna av lagunerna innanfor 
de autoktona revkammarna.) 

Tanken pa att krinoider svara fér revbildningen i Leptaenakalken ligger 
tydligtvis nara till hands. Fragan ir emellertid, om icke flertalet av de 
stjilkfragment, som omtalas fran Leptaenakalken, i sjalva verket harrora 
fran yarmldsa» och salunda nappeligen revbildande pelmatozoer, da ju »kulor» 


1 Dessa synpunkter framhéllos i stérsta korthet vid en akademisk provforelagning 
»Silurformationen i Dalarna» i Uppsala den 17 januari 1936 samt i form av diskus- 
sionsinlagg vid Fil. lic. P. Taorstunps féredrag i Geologiska Foreningen den 5 mars 
d. &.: »N&gra stratigrafiska och tektoniska rén fran Siljansomradet>. , 

2 Cumrnas, E. R., 1932. Reefs or Bioherms? — Bull. of the Geolog. Soc. of America. 
Vol. 43. — Fér bekantskapen med denna avhandling har jag Fil. lic. THORSLUND 
(muntligt meddelande efter marsféredraget) att tacka. 
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(kalkar) av cystidéer antriffats massvis, vilket icke synes vara fallet med 
krinoidkronorna. 

Ett hégst betydelsefullt faktum ar, att blandde 
forskare, som yttrat sig om Leptaenakalken, 4nnu 
ingen kunnat eller velat genom att angiva revbil 
daren sa att saga sta i6nrevteorven, 

Det bér dock i detta sammanhang erinras om en intressant uppgift av 
O. Ispera (G. F. F. 1917, sid. 225) rérande en ev. revbildare. Fyndets verk- 
liga natur och dirmed dess revbildande formaga jir emellertid mig veterligt 
innu icke klarlagd. 

Vill man utan forutfattad mening séka forsta Leptaenakalkens natur, 
ir det nédvindigt att sa allsidigt som méjligt séka rekonstruera bergartens 
tektonik, struktur, textur och andra petrografiska detaljer. De under se- 
naste aren publicerade viktiga iakttagelserna pa dessa omraden ha foranlett 
forf. att betrakta Leptaenakalken fran en mer dynamisk-geologisk synvin- 
kel in den som vanligen anligges i de framfoér allt paleontologiskt-strati- 
egrafiskt betonade publikationerna rérande analoga bildningar. De fauni- 
stiska och stratigrafiska utredningarna fro visserligen oundgiingligt néd- 
vindiga, 1 viss man primira férutsittningar for diskussionen av de genetiska 
problemen. De kunna dock icke ensamma ricka till for detta andamal. 

Foérutom ovan framhallna brist pa sikra revbildare fértjina sirskilt ne- 
danstaende synpunkter pa Leptaenakalken att uppmirksammas: 

1) Kalkens struktur. Under det att centralpartierna av kalkforekom- 
sterna vanligen aro oskiktade, finner man i kanterna en tydlig skiktning och 
vixellagring med andra sedimentformer. Detta av flera forskare skarpt 
pointerade drag hos Leptaenakalken tir gemensamt for revbildningar (korall- 
och spongierev t. ex.) och skalbankar (for de senares vixellagring med leror 
kan hiinvisas till Haupen, S. G. U. Ser. C. 280, Tavl. I, Finntjirn och Smalsk- 
myren). 

Revbildningarnas karaktir av att i centraldelarna vara oskiktade men 
mot kanterna éverga i skiktade bildningar (ty. Ubergussmassen, uppvisan- 
de Uberguss-Schichtung) har sin motsvarighet aven i vistkustens sen- 
glaciala skalbankar (HALDEN G. F. F. 1920, sid. 229). Att dessa skiktade 
kappor kunna uppvisa helt eller visentligt annan fauna in centraldelarna 
har pavisats av G. De Gezr (G. F. F. 1910, sid. 35, 37—39). Man jaimfore 
hirmed aven de glaciala rullstensdsarnas ofta otydligt skiktade »karna» 
med dess intimt anslutna, tydligare skiktade »skaly, som kan innehilla post- 
glaciala mollusker (se t. ex. A. ERDMANN, Sveriges qvartiira bildningar, 
fige. sid. 94, 95 och 102). Férf. tinker sig dirfér méjligheten, att Leptaena- 
kalkens skiktade kantpartier delvis kunna innesluta en nagot yngre fauna 
in kiirnan. En annan mdjlighet, som i vissa fall kan tinkas leda till liknan- 
de uppdelning i faunistiskt hiinseende mellan »kiirnay och »skal, antydes av 
Isperes (G. F. F. 1917), Happrnes (Lunds Universitets arsskrift 1927 sid. 
33) och THORSLUNDs m. fl. uppgifter om att cystidéer och pelmatozostjalk- 
fragment fro vanliga endast i kantpartierna och dir t. o. m. kunna fére- 
komma massvis. Detta leder tanken till en primar, mekaniskt utférd fér- 
delning av elementen i den zoogena kalkavlagringen. I samma riktning 
tala de av Warsure (G. F. F. 1910, s. 434) omniamnda massférekomsterna 
av trilobiter i Leptaenakalken, en fordelning, som har en viss motsvarighet 
i de senglaciala skalbankarnas »Balanus-grus». 
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2) Med avseende pa fossilens bevaringstillstand maste man, sisom ofta 
framhallits av revforskare, alltid rikna med betydande diagenetiska pro- 
cesser. En intressant detalj omtalas av Ispera (1934, sid. 383), nimligen 
att musselskal och stenkirnor iro bittre bevarade i kalkbergen an i omgi- 
vande stratigrafiskt ekvivalenta sediment. Denna lakttagelse har sin direkta 
Motsvarighet exempelvis i postglaciala Mytilus-bankar och dirtill anslutna 
leror, i vilka senare stundom endast de mot kemisk upplosning resistenta 
epidermisfragmenten Atersta (jfr t. ex. 8. G. U. Ser. C. 280, sid. 181). 


3) I fraga om Leptaenakalkens miktighet har det genom THORSLUNDs 
ar 1935 publicerade matningar framgatt, att de yngre »reveny (Bodakalken) 
vida 6vertréffa de aldre (Kullsbergskalken). Sett i samband med namnde 
forskares vid marsforedraget framhallna erfarenhet, att ceratopyge-ledets 
mot § i »silurringen» hégst obetydliga miktighet tydligt tilltager, ehuru 
med avsevirda vaxlingar, mot norr, kunde denna omstandighet anses tyda 
pa en tidigt begynnande och smaningom skirpt reliefbildning i de ordovi- 
kiska — gammalgotlandiska land- och bottenkonturerna inom en del av 
Dalarnas »silurring», dar Leptaenakalk finnes anstdende. 

4) De genom siirskilt Isseras, THorsLuNDs och WarBurcs omfattande 
arbeten pavisade radikala olikheterna i faunistiskt hinseende mellan Kulls- 
bergskalk och Bodakalk, vilka bada olikaldriga kalkbildningar i terringen 
kunna ligga helt nara varandra, utvisa, att gynnsamma yttre bildningsbe- 
tingelser for Leptaenakalk existerat under lang tid. Jamférelsen med vara 
vastskandinaviska kvartiira férhallanden ligger Aterigen niira till hands, da 
man vet, att saval glaciala som postglaciala skalbankar dar aro vanliga 

*pa samma trakt, narmare bestimt dar terrangen dr bruten, fér att ater upp- 
héra i den flackare terriingen S om Varbergstrakten (G. F. F. 1920, sid. 
229). . 

5) Den del av »silurringen», dir Leptaenakalken férekommer, innesluter 
bl. a. det omrade, dar tektoniken av alder betecknats sisom den mest for- 
virrade, t. ex. Bodatrakten. Detta i forening med den omstindigheten, 
att Leptaenakalken sjilv ar rik pa sprickor etc. samt féreter veritabla dver- 
skjutningar, dokumenterar omradet sasom ett utpriglat tektoniskt svag- 
hetsomrade. 

Forkastningarna anses i allmanhet pa goda grunder vara postsiluriska. 

Att betydande diastrofiska rérelser, méjligtvis med karaktar av det for- 
kastningar, forsiggatt redan i ordovicium och ildre gotlandium framgar 
bl. a. av vissa markliga sedimentpetrografiska lokalfacies inom det ifraga- 
varande tektoniska svaghetsomradet. Hiirmed férhaller sig i korthet pa 
foljande sitt: _ 
' 6) Kalksandstenen, vars faltsamhérighet med Leptaenakalken papeka- 
des atminstone sa tidigt som 1884 (av M. Sroupe), har en betydande ut- 
bredning sirskilt inom Enadalen i Rattvik. Dess stratigrafiska stillning 
ar emellertid pa grund av fossilfattigdom ej] nirmare klarlagd. Htt viktigt 
undantag utgor den s. k. klingkalken, som genom THoRsLUNDs undersok- 
ning visats vara en kalksandsten, ekvivalerande en del av Bodakalken. 
Kalksandstenen férutsitter ganska otvivelaktigt pa grund av sin kvarts- 
halt denudation av Aldre silikatisk berggrund. En tinkbar mojlighet, som 
dock knappast torde kunna ledas i bevis, ar att kvartshalten harror fran den 
i héjning stadda »urbergskupolen» innanfor den stora silurringen. 
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En annan valbekant, betydligt aldre lokalfaciesbildning ar den s. k. masur- 
kalken (»knyckelkalken»). Denna ar samtidig med 6vre delen av Kullsbergs- 
kalken. Moéjligtvis utgér masurkalken ett kalkkonglomerat, vars fossilbrist 
kan tankas bero pa att dess ursprung ej ar att séka inom Leptaenakalk utan 
fran andra kalksediment. Detta kunde da méjligen anses tyda pa att de 
diastrofiska forindringarna vid ifragavarande tid annu ej] medfort en denu- 
dation av den aldsta berggrunden. 

A. G. Héesom (Bull. Ups. 1916, sid. 407) har fran andra mellansvenska 
siluromraden framhallit det sannolika samband som rader mellan vissa 
petrografiska sedimentfacies och férkastningarnas alder, nérmare bestaimt 
att dessa faciesbildningar kunna anses sésom sannolikhetsbevis for att fér- 
kastningarna icke i sin helhet aro postsiluriska! De av Happrne och THors- 
LUND pabérjade sedimentpetrografiska. undersdkningarna av Dalasiluren 
kunna forvantas 1 fortsittningen lamna nya bidrag till bedémandet av relief- 
forhallandena under Leptaenakalkens bildningstid. 

Skalbankshypotesens tillimplighet pa hir diskuterade bildningar Ar i 
hog grad beroende avy ett riktigt bedémande av de datida reliefférhallandena. 
Att flera sannolikhetsbevis for brutna terriingférhallanden kunna andragas, 
framgar av det féregaende. Kravet pa en sadan terrangtyp grundar sig 
framfor allt pa erfarenheterna fran de kvartira skalbankarna. Hinvisas bér 
har sarskilt till forf:s uttalanden (S. G. U. Ser C. 280, sid. 182; G. F. F. 1920, 
sid. 228: »att de baltiska skalbankarna sa gott som undantagslést upptrida 
pa sluttningen av eller i sinkor omedelbart nedanfor berg, asar etc.»), till 
R. SANDEGREN (Géteborgstraktens geologi, 1924, sid. 161 och 8. G. U. Ser. 
Aa. N:o 173, 1931, sid. 783—81) avensom till G. De Gurrs kartframstall- 
ning (G. F. F. 1910, fig. 7 och pl. 48). 

Vad sjilva sedimentationssiittet betraffar, har férf. om skalbankarna fram- 
hallit, att deras element iro »nedfallna eller nedspolade» (8S. G. U. ser. CG. 
280, sid. 182), varvid sirskilt karnan kan »uppfattas sisom ett pa djupt och 
relativt lugnt vatten avsatt alloktont sediment» (G. F. F. 1920, sid. 229). 
Att skalbankarna allminnast antriffas pa héjdernas lasidor (HatpEN 
S. G. U. Ser. C. 307, sid. 24) visar ocksa, att vattenrdrelserna vid tiden fér 
skalgrusanhopningen ej varit allt for haftiga. Detta moment bor siirskilt 
observeras, alldenstund motstandare till alloktonteorien girna framhalla 
forekomsten av +. ex. musslor med bada skalen bibehallna i ursprungligt 
lige sasom nigot orimligt, direst materialet undergatt hiftiga rérelser av 
vagor etc. 

Vid fullféljandet av de paleontologiskt-stratigrafiska undersékningarna 
av Leptaenakalken borde enligt det féregiende sarskild uppmiirksamhet 
agnas fossilenheternas storleks- och frekvensférhallanden i olika delar av 
en och samma férekomst (»revy). Ett vardefullt uppslag i detta hinseende 
' finnes i G. De Guers viastsvenska skalbanksundersékningar (G. F. F. 1910), 
dir tabellen upptager de olika arternas saviil individantal som vikt pr vo- 
lymsenhet av skalgrusmaterialet. Genom dessa mattuppgifter blev det 
fort. méjligt att i vissa fall kunna bedéma enheternas »littrérlighet» (G. F. F. 
1920, sid. 229—230), en egenskap som f. 6. vore vard att experimentellt 
undersdkas. 

Om man fran de synpunkter, som ovan andragits, ménstrar de pa andra 
orter forekommande ordovikiska-gotlandiska bildningar, som sirskilt ur 
stratigrafisk men iiven stundom genetisk synpunkt av atskilliga forskare 
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(t. ex. TéRNQuIST, Wrman och Warpura) anses ekvivalera Leptaenakalken 
har man sirskilt att fasta sig vid de ostbaltiska etagerna (»skikten»), van- 
ligen kallade Lyckholm (F,) och Borkholm (F,). Om dessa ger den forelig- 
gande litteraturen vid handen, dels att hela miiktigheten ar mindre bety- 
dande (sammanlagt c:a 20 meter), dels att atskilliga av de hir férekommande 
-yreven) iro skiktade. Sistniimnda egenskap karakteriserar likaledes den 
av engelska geologer som revbildning uppfattade »Chair of Kildare» pa Ir- 
land, som emellertid nar c:a 220 m miktighet och genomsiittes av andesit. 
Aven Englands »Keisley Limestone» har att uppvisa »skiktade rev», delvis 
starkt dislocerade; sasom en ekvivalent faciesbildning omtalas en »hourny 
limestone». Nagot siikert stéd fdr revteoriens tillamplighet pi de namnda 
bildningarna har jag av den genomgangna litteraturen icke kunnat finna. 

Av de yngre formationerna tilldraga sig sirskilt de i allminhet som rev- 
bildningar skildrade triadiska Dolomiterna i Tyrolen uppmirksamheten vid 
en jamforelse fran de angivna synpunkterna. Man finner, att en grundlig 
utredning i detta hinseende redan féreligger. Enligt den av Cumines (se 
s. 359 noten) givna framstiillningen har det genom ett livslangt arbete av 
Marta Ocitvie-Gorpon blivit klarlagt, att de stundom mer iin 3,000 fot mik- 
tiga bildningarna, bestaende huvudsakligen av kalkalger, utgéra enorma 
lagunutfyliningar bakom obetydliga barriarer av korall- och echinodermrev. 
CumINGS siiger dirfér (sid. 342): »The best recent students of the Dolomites 
refuse to call them reefs.» Detta omdéme forefaller dock vil hart, allden- 
stund ju dock det autoktona »stédet» for de biogena kalkmassorna pavisats. 

Fran juran dro sirskilt de bajerska spongiereven av intresse. Beskriv- 
ningen av dessa (t. ex. P. Dorn, Untersuch. iiber frinkische Schwammriffe. 
Abh. d. Geolog. Landesuntersuch. am Bayerisch. Oberbergamt, Miinchen 
1932) ger vid handen, dels att de férete skiktstrukturer, dels att vissa »rev» 
besta av idel dvargformer av olika djurgrupper (t. ex. smavixta brakio- 
poder, gastropoder, ammoniter och belemniter, fragment av echinider) eller 
t. ex. att ammoniter fro vanliga i de tragformade »normalsedimenten» i 
revens omedelbara nirhet men diaremot saknas i de 6vriga stratigrafiska 
ekvivalenterna. De anférda dragen tala starkt for mekaniska faktorers 
dominerande inflytande pa bildningen av ifragavarande »rev». 

Inom kritformationen har man bl. a. att jamféra den cenomana »Klip- 
penfazies» i Béhmen och Sachsen. I Sachsen bestar den av grovkorniga 
konglomerat, musselbreccior och mirgelkalksten, bildande utfyllningar 1 
underlagets férdjupningar. De béhmiska motsvarigheterna aga ett liknande 
upptriidande, da de nimligen forekomma exempelvis i djupa, breda sund 
eller i smala »fickor» i den aldre berggrunden. Aven hir dominera kalk- 
_och konglomeratfacies. Revkalk angives sirskilt, och man synes ligga stor 
vikt vid att de ingdéende arterna i allminhet dro sessila. Sistnamnda mo- 
ment ar dock numera féga ignat att stédja uppfattningen om att rev fore- 
ligga, d& ju vara svenska, av flertalet forskare sasom alloktona uppfattade 
kvartira skalbankar kunna fa sin pragel just av sessila former sidana som 
Mytilus edulis och balanider. Av visst intresse for jamférelsen med Lep- 
taenakalken air uppgiften om kalkkonglomerat, som dro inskjutna 1 de bodhmi- 
ska »yreven», fvensom existensen av en hard, tit kalksandsten 1 Bohmens 
»Klippenfazies», samt att man pa endast nagra fa km fran »Klippenfazies» 
antriiffar »lugn sandstensformation». (Se t. ex. SCHANDER, Zeitschr. d. 
deutschen Geolog. Gesellsch. Bd 75, 1923.) 
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LunpEGREN har i sin gradualavhandling (G. F. F. 1934) pointerat den 
morfologiska och genetiska 6verensstimmelsen mellan nimnda »Klippen- 
faziesy och NO-Skanes kritbildningar och fér de senares genetiska stiallning 
hanvisat till den alloktona strukturbild, som vara senglaciala skalbankar 
forete. Till denna jamforelse vill jag endast foga den kompletterande upp- 
giften, att den-skanska kretaceiska »skalstoftkalken» ager sin klara mot- 
svarighet hos de kvartira skalbankarna. Har asyftas de mer eller mindre 
leriga distala fortséttningar — »mikrostruerade skalbankary — som fort. 
skildrat (G. F. F. 1925, sid. 122). Detta iir emellertid icke nagot mer bety- 
dande argument vare sig fér eller emot revteorien, alldenstund aven fran 
korallreven omtalas »korallslam» etc. Som en motsvarighet hirtill kan 
man emellertid betraffande aldre, diagenetiskt foraindrade bildningar myc- 
ket val uppfatta vissa kalksandstenar och mirgelstenar. 

Jimforelsen mellan revbildningar och skalbankarna ger salunda vid han- 
den, att det langt ifran alltid ar litt att draga gransen mellan bada. Huvud- 
orsaken hartill torde vara den rikliga forekomsten av alloktont material 1 
badadera bildningarna. Den visentligaste skillnaden ar otvivelaktigt, att 
stédet for de mer eller mindre tydligt skiktade sedimentanhopningarna i skal- 
bankarna — hair bortses fran bildningar av ostronbankarnas natur — ut- 
géres av klippor eller jordhéjder, medan de ikta reven aga av autoktont 
biogent material uppbyggda, branningsfasta vallar eller barridrer. 

Med avseende pa Leptaenakalkens ursprung ma salunda sammanfatt- 
ningsvis framhallas: 

att revteorien stiller oavvisliga krav pa att sjilva revbildaren pavisas; 

att Leptaenakalken visat sig iiga en struktur, som i manga hinseenden 
pafallande dverensstimmer med de kvartira skalbankarnas; 

att den terring, vari Leptaenakalken uppstatt, med stérsta sannolikhet 
varit bruten redan vid tiden fér de aldsta revens uppkomst. 

Jag betvivlar ingalunda méjligheten att »revbildaren» atminstone fér 
en del av férekomsterna skall komma att i en framtid pavisas. Intill dess 
att detta sker maste jag dock géra giillande, att »skalbanksteorien» fértjinar 
att stillas i full paritet med revteorien. 
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Anmiilanden och kritiker. 


Isavsmialtningen i Bergslagen. 


En prioritetsfraga. 
Ay 


EK. INGMAR. 


Ten uppsats i! Geol. Féren. Férhandl. har Statsgeologen Dr G. Lunp- 
QvisT laimnat nigra preliminaéra meddelanden om sina undersékningar éver 
isavsmiltningen i Bergslagen. 

Utgaende fran en allman lutning av 1: 550 for landisen kommer Lunp- 
Qvist till det resultatet, att da landisen i Vessman-backenet var 100 m mik- 
tig, hade den i Siljan-biickenet en miktighet av 200, i Amungen 175 och i 
trakten av Runn 150 m. En féljd av dessa lutnings- och avsmiltningsférhal- 
landen hos isticket skullle enligt Lunpevist bli, att Vasterdalilvens dalgang 
tidigt blev isfri. 

TInnan Lunpevist kunnat tillampa sin avsmiltningshypotes pa denna 
trakt, har han emellertid varit tvungen att avlagsna betydande hinder. Det 
av? MAGNUSSON pavisade vackra aindmoranstraket fran Nyed i Varmland 
upp till trakten V om Malung maste enligt Lunpevists eget medgivande 
forutsatta, dels att landisen i dessa trakter varit levande under avsmiltningen, 
dels att istiicket varit relativt maktigt. Hur skola dessa handgripliga fakta 
kunna forenas med den Lunpaqvistska avsmiltningshypotesen, som kraver, 
att trakten tidigt maste ha blivit isfri? Jag citerar? Lunpevist, som léser 
det svara problemet lekande litt: »Darfér uppstar fragan, hur vi skola fa 
bort detta (det maktiga istacket) successivt utan att bryta mot de tidigare 
premisserna om ytavsmiltningen. Darfdr erfordras nimligen har ett stérre 
vattendjup, an den vanligen antagna M. G. méjliggér. Mahanda ligger for- 
klaringen i de da och da uppdykande uppgifterna om abnormt hoga M. G.- 
viirden i dessa trakter.» 

For den, som kinner Lunpavists tidigare nyktra och realistiska syn pa 
M. G.-problemet och vet, att Lunpevist genom sina egna M. G.-undersék- 
ningar i Bergslagen bidragit till att grusa alla »hoga funderingar pa M. G. 


i dessa trakter, forefaller Lunpavists gripande efter héga M. G.-virden i 
_Varmland nagot egendomligt, for att ej siiga misstinkt. LunD@vIsTs av- 


smaltningshypotes maste tydligen kunna tillimpas pa trakterna kring Vaster- 
dalalvens dalgang, sa att denna tidigt ma kunna bli isfri. Om nagot otrevligt, 
maktigt istiicke enligt av andra forskare framlagda ofrankomliga fakta maste 
ha funnits, sa maste detta undanskaffas, pa det att det ej ma komma 1 vagen 
for den Lunpagvistska avsmiltningsmekaniken. Darfér hojer LUNDQVIST 


1G. Lunpavist, Isavsmialtningen i Bergslagen. G. F. F. Bd 57, s. 287—301. 
2 Nirs H. Macnussoy, Beskrivning till kartbladet Nyed. Sv. Geol. Unders. Ser. Aa, 


N:o 144. 
3 G. Lunypevist, Ovan anf. arb. s. 291. 


366 ANMALANDEN OCH KRITIKER. [Mars—April 1936. 


ishavet, for att dess vagor ma kunna smilta och bracka sénder det besvarliga 
isticket! 2 

Om man noggrant laser igenom Lunp@vists ovan anforda uppsats och 
darvid sarskilt lagger marke till Lunpavists citat och litteraturanvisningar, 
sa finner man snart, var den verkliga och birande grunden till Lunpevists 
uppfattning om den tidiga avsmaltningen av Vasterdalilvens dalgang ar att 
séka. Lunpevist citerar noggrant andra forskare, som arbetat i de peri- 
feriska delarna av hans arbetsomrade, sasom G. FrOpIN och EK. TEILING, 
och en stor mingd andra glacialgeologiska forskares arbeten, inalles 6ver ett 
trettiotal, men betriiffande den forskare, som sedan ett flertal ar tillbaka 
arbetat just med isavsmaltningen 1 Bergslagen och Vasterdalilvens dalgang, 
namligen undertecknad, iakttager LuND@vist en talande tystnad. 

Genom mina undersékningar somrarna 1926 och 1927 blev det klart for 
mig, att en stor issjé maste ha funnits i Vasteradlalvens dalgang. Huvud- 
dragen av de da vunna resultaten framlade jag varen 1931 i en! uppsats, 
som jag samma var tillsiinde Lunpevist, och for vilken han sedan genom ett 
kort tackade. Da jag maste antaga, att D:r Lunpevist genomliser den 
facklitteratur, han far sig tillsind, i all synnerhet sadan litteratur, som be- 
ror hans eget arbetsomrade, sa synes mig Lunpevists ihjaltigande ay mitt 
utférda arbete synnerligen egendomligt. Visserligen kan Lunpevist in- 
vinda, att jag 1 ovan anforda uppsats ej angivit, hur langt Vasterdalilven- 
issj6n strickt sig mot N och NV inom Dala-Jarna, Appelbo och Ytter- 
Malungs socknar, men jag har dock angivit issjéns alla viktigare avlopp: 
vid Lindesnis, Svanberget, Birtjaérnsberget och V om Tansen, avensom det 
slutliga avtappningsavloppet vid Bjérka i Gagnefs socken. Dessutom har 
jag omnimnt talrika mot trésklarna korresponderande strandmirken och 
pa en kartskiss angivit, att issjén strickte sig fran Bjérka i Gagnefs socken 
till trakterna SV om Vansbro vid Eldforsen och Tretjarns station. Att 
issj6n sannolikt strickt sig langre mot N har ocksa antytts pa skissen, och 
till slut har jag, s& gott det varit méjligt pa den lilla skissen, utmirkt den 
ganska stora issj6, som funnits i de sddra delarna av Appelbo socken. 

Dessutom vill jag framhalla, att jag redan ret innan jag lat publicera 
forut omnimnda uppsats (Icedammed lakes etc.) under min korrespondens 
med Lunpevistr for honom omnimnde, att jag arbetat med issjéar iiven i 
Vasterdalilvens dalging. Att Lunpevist ritt uppfattat mina meddelanden, 
framgar av var korrespondens. 

Somrarna 1931 och 1932 faststiillde jag exakt issjéns utbredning i Dala- 
Floda och Dala-Jiirna socknars norra del och fann da, att issjén strackt sig 
avsevart liingre mot N., én jag av mina tidigare undersékningar kunnat fér- 
moda, och att issjon aven i N haft morinstriinder s& gott som éverallt inom 
dessa omraden. Sommaren 1933 kunde jag tack vare understéd fran Sall- 
skapet for antropologi och geografi och fran Langmanska kulturfonden un- 
derséka iss}Ons viistra och nordvistra delar i Appelbo och Ytter-Malungs 
socknar, 6ver vilka undersdkningar jag inlamnade rapport till Sallskapets 
styrelse samma hést. Dessutom har jag genom ett flertal samtal med Prof. 
J. Froprn och Doc. G. Fréprn i Uppsala hallit dessa fackmin & jour med mitt 
arbetes fortgang. 

Huvuddragen av mitt arbete med isavsmiltningen inom Vasterdalalvens 
dalgang maste saledes ha varit kant av Lunpeavist, och det slutlga resul- 


1 Ernst Incmar, Icedamm 


ed lakes and the marine limit in t¢ 4 - 
land an MME of oo rine limit in the north of Vastman 


arlia. Bull. of the Geol. Inst. of Upsala, Vol. XXIII. 


Bd 58. H- 2.) ANMALANDEN OCH KRITIKER. 367 


_ tatet av mitt arbete har genom ett flertal stipendieansdkningar, reseberiittelser 


och samtal under hand varit kint av ett flertal forskare bade i Stockholm och 
Uppsala, langt innan Lunnavist skrivit sin ovan anforda uppsats om isav- 


smiltningen i Bergslagen. Dessutom vill jag framhalla, att Jag pa eget ini- 


tiativ bérjat och slutfért mitt arbete med iss]6bildningarna och isrecessionen 
inom Visterdalalvens dalging, samt att till dess jag sommaren 1933 hade 
slutfért dem, ej en rad publicerats om hithérande fragor, fransett mina egna 
preliminiira meddelanden. Jag har siledes sjalvstindigt och fore nagon an- 
nan visat, att 1 Vasterdalilvens dalgang fran Bjérka i Gagnef till Edet och 
Orarbiicken i Ytter-Malungs socken funnits en omkring 7 mil lang isdamd 
s]6, som uppdimts av en fran Siljan-bickenet lings Osterdalilvens dalgang 
nedskjutande istunga. Och likviil latsar Lunpevist, som om jag och mina 
undersékningar ej funnes till. 

Lunpgvists beteende ir i sanning kostligt: Nar jag genom pa empirisk 
vig vunna fakta fastslagit, att en stor issj6 maste ha funnits i Vasterdal- 
ailvens dalgang, kommer Lunngvisr langt efter och férséker genom langa 
hypoteser och deduceringar bevisa, att trakten kring Visterdalilven miste 
ha varit isfri tidigare iin de SO diarom liggande trakterna. Sadant kallar 
man i dagligt tal »att sla in 6ppna dérrar». 

Lunvqvists tillvigagangssitt hirvidlag ar fullkomligt analogt med hans 
behandling av mina M. G.-undersékningar i Bergslagen:! Fastiin jag langt 
fore honom erhallit i det narmaste samma resultat som han, och fastin dessa 
mina arbetsresultat delvis iro publicerade, s& ihjaltiger Lunpevist konse- 
kvent alla mina undersékningar och latsar, som om han vore den forste, 
som hade vunnit ifragavarande resultat. Om Lunpevisr tror sig i langden 


_ vinna nagon vetenskaplig ara och ber6mmelse genom sadana metoder, sa 


misstager han sig grundligt. 

Betriffande det sakliga innehallet i LuNpDQvists uppsats om isavsmilt- 
ningen i Bergslagen skall jag gora nagra anmarkningar. 

De varden for istaéckets maktighet, som Lunpevistr erhallit genom sin 
efter groénlindska forhallanden konstruerade gradientmetod, aro bevisligen 
alldeles for laga. Genom iakttagelser och uppmitningar av issjéstrandlinjer 


- och issj6avlopp fran sydvastra delen av Siljanbickenet har jag kunnat kon- 


statera, att da isranden stod ungefir i trakten av Leksands-Noret, lag land- 
isens yta i den sydvastra delen av Siljan-bickenet omkring 200 m éver Sil- 
jans nuvarande niva. Da Siljan har ett djup av dver 100 m, var isens miak- 
tighet i de djupaste delarna avsevart dver 300 m. Det ar tydligt, att da 
landisen i dessa trakter hade en sidan miktighet vid en sa sen tidpunkt, 
den vid den tid, da isranden stod i det 5—6 mil S om Leksand beligna Vess- 
manbickenet, maste ha haft en betydligt stérre maktighet, an LUNDQVIST 


-angiver. Aven fran den vistra delen av mitt arbetsomrade, som faller inom 


-Dala-Jirna, Appelbo och Ytter-Malungs socknar, kan man med hjiilp av is- 


sjstrandlinjer och issjéavtappningar visa, att landisen vid den av Lunp- 
QvIst angivna tidpunkten maste haft en avsevirt stérre utbredning och 
maktighet, an Lunpgvist sdker géra gillande. Likasa kan man med stéd av 
den stora Vasterdalilven-issjéns strandlinjer visa, att isavsmaltningen | dessa 
trakter i stort sett gatt fran SSO mot NNV och ej i rakt motsatt riktning, som 
Lunpgvist med stéd av sin avsmiltningshypotes sdker havda. Vasterdal- 
alvens strandlinjer, som stiga mot NV—NNV, ha nimligen natt sin storsta 


1 Se: G. Lunpevist, Bergslagens marina grins. G.F.F. Bd 55; och E. Inemar, 
Bergslagens marina grans. En prioritetsfriga. G. F. F. Bd 56. 
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héjd i en linje 3—4 km SSO om Ytter-Malungs kapell och sinka sig fran denna 
linje mot NNV. Detta torde knappast kunna tolkas pa annat sitt, an att 
issjén, som nu hade bérjat avtappas vid Bjorka i Gagnefs socken, nadde allt 
lagre nivaer med sin strandlinje, allteftersom isen avsmalte mot NNV. De 
glacifluviala avlagringarna visa samma tendens: Fastin berggrunden och 
morinunderlaget stiga mot NNV, sinka sig planasarnas och deltanas_ ytor 
mot detta viiderstreck for att alldeles kila ut och forsvinna mellan Orar- 
bicken och Lugnet. Pa samma sitt har jag lingre dsterut lyckats faststilla, 
att isranden vid issj6ns begynnande avtappning stod d6ver sydspetsen av 
Vansjén och ungefir 1 km S$ om St. Flaten. Isranden har saledes fran de 
éstra delarna av Dala-Jirna till Ytter-Malung vid denna tidpunkt 1 stort 
sett haft en strickning fran ONO till VSV. Denna riktning for isranden ar 
vinkelrait mot rafflorna i dessa trakter.. Mellan Appelbo och Ytter-Malung 
har jag uppmatt en stor mingd rafflor med en riktning N 8° V—N 30° V. 
Av dessa rafflor voro manga sa ytterst fina, att de kunde iakttagas endast 
vid lamplig belysning och sedan hillarna fuktats och borstats rena. Mark- 
ligt nog ha de allra finaste reporna den vastligaste riktningen. 

Nu kan givetvis Lunpagvist fran sin synpunkt invinda, att dessa rafflor 
e] ha nagon beviskraft, niir det giller israndens riktning under avsmilt- 
ningen, da isen var déd vid denna tidpunkt. Att stora déda ispartier funnits 
i Dalarna under landisens avsmiltning, ar uppenbart och kan konstateras 
bade av morantopografien och de glacifluviala erosionsfenomenen. Ett ty- 
piskt dédislandskap —+ av Lunpgvist antytt pa hans kartskiss — ar belaget 
N om sjéarna Flaten och Snesen. Det ligger i full é6verensstiimmelse med ett 
sidant landskaps genesis omkring 200 m ligre och omedelbart S om Fijiill- 
bergets miktiga héjdstrickning. Men aven om dédispartier funnits hiir och 
var inom Dalarna, liksom pa alla andra stillen, dar topografiens relief varit 
tillrackligt skarp, sa ar dirmed ej bevisat, att en jiittelik dédis tackt stérre 
delen av Dalarna fran den tidpunkt, da landisen i Vessman-bickenet var 100 
m miktig.2 Lunpvisr séker stédja denna mirkliga uppfattning med det 
annu mirkligare pastaendet,? yatt indmoriiner synas si gott som fullstandigt 
saknas inom hela det supramarina omradet». Att Lunpevist kan gora ett 
sidant pastaende, forvanar mig i hég grad, da jag flerstiides inom mitt ar- 
betsomrade iakttagit findmoriner, pa nagra stiillen mycket miaktiga sadana. 
Sa finnas t. ex. i sddra delarna av Leksands socken mellan Flosjén och San- 
gen fyra kraftiga, i O—V gaende, niira kilometerlanga andmoriner. De be- 
sta av mycket grov moran, ha en typisk, brant distalsluttning och aro pa 
sina stillen 13—15 m héga. I hdjd med &indmorinerna och © om dessa 
ha rullstensavlagringarna, som i allminhet aro av ganska ringa miktighet 
i denna dal, bildat en kraftig ansvillning, varvid ett omkr. 600 m langt och 
400 m brett kittel- och kameslandskap bildats. 6 om detta har en i OV 
gaende, innu miktigare indmorin bildats. Det kan har e] vara tal om na- 
gon lokal glaciation, utan en istunga har skjutit fram fran Siljan-biickenet 
genom Kjens och Sangens dalgang. Denna istunga miste ha haft en stor 
levande kraft iinda ut i sina yttersta delar, da sa miktiga morinvallar kun- 
nat hopskjutas, och avsmiiltningen maste hir ha gatt mycket langsamt, ja 


att déma av den éstra indmorinen miste ett avbrott i recessionen har ha 
agt rum. 


' G, Lunpgvist, Isavsmiltningen inom Bergslagen. G. F. F, Bd 57, s. 298. 
° G. Lunpevist, Ovan anf. arb. s. 297. 
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_Jag kan ej har redogéra for alla de lakttagelser av andmoriiner, som jag 
gjort inom Vasterdalilvens avvattningsomrade, men jag villi korthet nimna, 
att andmoriner finnas vid Vasterdalilven-issjéns avlopp VNV om Tansen 
och vid avloppet SO om Birtjirnsberget och flerstiides inom Dala-Jarna- 
biickenet. 

_-Att landisen i Siljan-backenet och § dirom haft en stor levande kraft 
under avsmiltningen framgar ocksa av det faktum, att de iss]Oavtappningar, 
som agt rum pa moriinasarnas norra och nordvastra sluttningar, forsigeatt 
ytterst langsamt. Under den tid, Vasterdalilven-issjn avtappades vid 
Bjorka, avsmiilte isbrimet ej mer dn omkring 60 m i vertikal riktning, och 
likvil har landet att déma av avloppsmynningarnas och M. G:s férskjutning 
hunnit héja sig omkr. 6 m. Samma fenomen kan iakttagas inom Halgsjon- 
issjOns avtappningsomrade vid Siitra i Als socken, Yxen-issj6ns vid Grytniés 
i Leksands och vid Alvik i Siljansnis socken och Hjen-issjOns vid Farberget 
‘1 Siljansniis socken. Halden? har redan férut framhillit, att M. G. inom Sil- 
jansniis socken visar mot N och NV sjunkande virden, och ven om mina 
genom undersékningar av de marginala issjéavloppens mynningar och delta- 
bildningar erhallna varden for M. G. skilja sig nagot fran hans, s4 utvisa de 
dock samma tendens. Sarskilt vid Alvik och Farberget kan lakttagas, att 
isranden under avsmiltningen med stor kraft stétt mot sluttningen; vid 
Farberget visar det av issjéavloppen tidigare avsatta gruset tydliga hop- 
skjutningsfenomen. 

Slutligen vill jag framhalla, att férekomsten av mijila i Vasterdalalvens 
dalgang vid Malung ej ar nagot bevis fér att en isdimd sjé funnits i denna 
trakt.? Den stora Visterdalilven-issjin har, som forut nimnts, ej natt 
‘langre iin till Orarbacken, och NNV om Lugnet har funnits en normal sen- 
glacial sj6. Denna sjé har haft sin avloppstréskel vid Lugnet, och dirigenom 
att denna tréskel nederoderats, har sjon urtappats. 


Svar pa Mag. E. Ingmars prioritetsfraga. 
AV 


G. LUNDQVIST. 


Mag. Iyemar har fven i ar anvant underrubriken »En prioritetsfraga». 
Jag maste alltsa utga ifran att den 6mma punkten ligger just dari och icke 
i nagon sakfraga. I hela den Janga utredningen synes mig endast under- 
latenheten att citera Inemar fér upptickten av issjén vid Malung kunna 
inbjuda till en prioritetsdiskussion. Jag tror mig icke om att kunna klar- 
lagga fragan for InemaR, men om nagon objektivt list hans inligg kan ju 
tinkas, att denne vill se éven min syn pa saken. 

Inemar kritiserar inledningsvis, att jag anvint de héga M. G.-virdena 1 
Vanerbickenet. Min av Inemar citerade férsiktiga formulering torde dock 
icke kunna klandras. Mina aberopade egna »nyktra och realistiska» falt- 
erfarenheter av M. G. aro nimligen icke hamtade ur Vanerbiickenet. 


1B. Haupen, Féredrag om Siljanstraktens kvartargeologi. G. F. F. Bd 5D. 
2G. Lunpevist, Férut anf. arb. s. 291. 
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Historien om issjén vid Malung &r féljande. I Iyemars tryckta uppsats 
1931 slutar issjon pa kartan (S. 199) strax S om Appelbo, i texten (8. 198) 
finnes ingen antydan om, att den skulle ha natt upp till Malung; icke ens 
uttalandet: »The nothernmost limit of the last ice-lake stage has not yet been 
determined» kan jag tolka s&. Hela kartbilden antyder, att Inemar 1 prin- 
cip tinkt sig en c:a O—V-lig isbriicka rakt 6ver héjder och dalar. 

Senare har Inemar fortsatt sina arbeten, men hur langt mot N har jag 
icke vetat férrin SANDEGREN nu papekat for mig, att en reseberattelse (28 
rader) dirdver finnes intagen i Ymer 1934 (S. 137). Dar lises om issj6n 
ifraga: »Issjons nordvastligaste vik har funnits mellan Nordanaker och Orar- 
backen i Ytter-Malung.» Detta dr allt. Eftersom Inemar iiven citerar var 
korrespondens vill jag anféra hans intressanta »avslutningsbrev» av den 
4. 1. 1932: »Férliden sommar fortsatte jag undersékningarna 1 Viasterdal- 
alvens dalgang och lyckades da konstatera, att den sista stora issj6n 1 denna 
dalgang strickt sig anda till Dala-Jarna och Vansbro.» Férmodligen menas 
fran O men i varje fall ligger omradet mer 4n 3 mil SO om Malung. 

Pa dessa fakta utslungar nu Inemar beskyllningen att jag orattmatigt 
sékt tillskansa mig nagon vetenskaplig ara (!) pa hans bekostnad. Insinua- 
tionerna, att jag fatt kinnedom om hans arbeten genom »stipendieansék- 
ningar, reseberattelser och samtal under hand ...» kunna belysas av fél- 
jande. Prof. J. Froprn (och Mag. Iyemar) har jag aldrig rakat, Doc. G. 
FRODIN vet jag mig ej ha sett sedan 1919; jag ar icke medlem av Svenska 
Sallskapet for Antropologi och Geografi och har darfér ingen méjlighet att 
fa se dit inkomna stipendieansékningar. 

Det finns emellertid ett sakskal, varpa jag grundade min uppfattning om 
att Vasterdalalven varit dimd iS och det ar helt enkelt, att jag for flera ar 
sedan sag mjila vid Malung, c:a 3 mil NV om Appelbo och e:a 1 mil NV om 
Inemars »nordvistligaste vik». En forekomst av issjéar inom stora delar av 
Vasterdalilvens O—V-liga, alltsa sédra, del har jag daremot aldrig betvivlat 
eller behévt diskutera i sammanhanget. Prioriteten pa dem har jag aldrig 
ens tinkt forséka tillskansa mig. 

For att reducera Incmars inligg till dess ratta proportioner vill jag citera 
vad jag skrivit (S. 291): »De finkorniga sediment, mijiila ete., som antriffas 
si langt upp vid Visterdalilven som i Malung, alltsa hégt dver M. G., fa 
sdlunda sin naturliga férklaring som issjésediment.» Att Ivemar nu tolkar 
forekomsten pa annat sitt an jag, ar en sak fér sig. 

Det vasentliga i min lilla uppsats var att tillimpa idén om landisens yt- 
avsmiltning inom huvudsakligen det supramarina omradet. Och fér att 
undvika »prioritetsfragor) sade jag ifran, att denna idé icke var ny (detta 
mitt uttalande synes f. 6. ha férbisetts iven avy HaLpen i forra hiftet av 
G. F. F.). Men diremot tror jag ej, att nagon tidigare med en lingdprofil 
genom landet.granskat effekten av en sidan avsmaltningsmekanik. Det hela 
var rent konstruktivt, vilket jag uttryckligen framholl. Det vasentliga re- 
sultatet var, att de stora niiromradena maste ha férsvunnit ovantat tidigt. 
Att synpunkten icke bér negligeras finner man bade vid nutida glaciarer och 
vid vanlig snésmiltning, vilket f. 6. HanpEn (G. F. F. 1936, 8. 109) papass- 
ligt illustrerat. De avsmiltningsférhallanden jag framhallit maste diskuteras, 
da de torde ha medfért en allmiin utbredning av stora dédisar, vilka foror- 
sakat uppdiémning av bicken éppna mot séder. Sadana dédisar utesluta 
icke iss}Oar, ty 1ss}Oarna behéva icke ha varit isfria mer an vid strinderna 
(jfr sedimentens utbredning och topografi).. Det air dessa stora drag som aro 
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av intresse, icke om en liten islob skjutit in i den ena eller andra daleangen. 
Detta ar ju detaljer, vilka aldrig behéva dragas in i en principdiskussion, 
Ovanstiende synpunkter kan jag icke utlisa ur Inemars skrifter. Det 
forefaller snarare, som om han hyser motsatt uppfattning. Och da kan vil 
icke talas om nagon prioritet. 
_ Slutligen: det kan visserligen vara bra att ha de sakliga upplysningar 
Inemar hiir ovan publicerat. Men det forefaller mig dock som om forsk- 
ningen skulle vara mera behjilpt av att fA dem i ett sammanhang i stillet 
for som »prioritetsfragor var ging jag skrivit en uppsats. 


Svar till Dr G. Lundqvist. 
Ay 


E. Inemar. 


Som svar pa Dr G. Lunnavists inligg vill jag till honom rikta tvenne 
fragor: »Anser Ni, Dr Lunpevist, att det ar i dverensstammelse med god 
vetenskaplig kutym att i ett vetenskapligt arbete citera alla andra forskare, 
som kunna komma i fraga, utom den, som arbetat med samma problem inom 
samma arbetsomrade? Anser Ni, att en forskare, darfér att han ger sig in 
pa en principdiskussion om ett problem inom ett visst omrade, ar befriad 
fran skyldigheten att taga hansyn till ett arbete, som utférts just inom detta 
omrade, i all synnerhet om detta arbete helt eller delvis lést det problem, 
varom principdiskussionen rér sig?» 


Slutreplik till Mag. Ingmar. 
Ay 


G. LunpevIsT. 


_ Beklagligtvis nédgas jag av ovanstaende fragor fér, som jag hoppas, 
sista gangen taga G. F. F:s utrymme 1 ansprak for denna affair. I Mag. Ine- 
MARS uppsats 1931, sid. 194 lases: »With the direction which — according 
50 the observations of strize related above — the ice-movement took during 
the period of melting, the formation of large ice-dammed lakes was as a rule 
10t possible, as most of the larges valleys open towards the south and the 
outh-east.» Fritt d6versatt betyder detta, att vi ha grundvisentligt olika 
isikter om principen fér isavsmiltningens férlopp. Det synes mig icke néd- 
fandigt citera alla som ha en annan mening, icke ens om de rakat arbeta 1 
n trakt nagot ar tidigare an jag- Om INemar muntligen i Uppsala uttalat 
mannan asikt an ovanstaende kanner jag ej. Jag vill dessutom tilligga 
6ljande. Kvartiirgeologien ar en betydligt svarare vetenskap 4n manga 
‘ilja tro. Orsaken diartill ar, att vi har i regel sakna den kontroll ay premis- 
erna som t. ex. petrografien erbjuder. Darfér kan en och samma foreteelse 
fta uppfattas pa manga olika satt, och det kan icke av beskrivningen en- 
art — och 4n mindre av blotta pastaendet — vara modjligt att avgora, 
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om den ar ratt tolkad. Erfarenheten har lirt mig, att man maste vara syn- 
nerligen forsiktig aven med kunniga yrkesgeologers uppgifter om skaligen 
elementira bildningar. Giller det uppgifter om sa subtila foreteelser som 
t. ex. issjéstrandlinjer, kan man ej vara nog kritisk. Det kan dirfor icke 
hjilpas, att jag maste verka kritisk iven gentemot Mag. Incmar. 


Bemerkungen zu der Mitteilung von Herrn Askelsson. 
Von 


Konrap Keriuack, Berlin- Wilmersdorf. 


Die Mitteilung des Herrn JOHANNES ASKELSSON auf Seite 111—112 des 
1. Heftes von Band 58 dieser Férhandlingar und die darin enthaltene Korrek- 
tur einer meiner auf der nordwestlichen Halbinsel Islands gemachten Beob- 
achtungen tiber das Vorkommen von weissen Sanden, die ich vom Schiffe 
aus fiir Quarzdiinen gehalten hatte, wihrend die von Herrn A. mitgeteilte 
Analyse zeigt, dass es sich um Kalk sande handelt, hat mich auf das leb- 
hafteste interessiert. Ich hatte mich, seit ich im Jahre 1924 jene Beobacht- 
ungen machte, verschiedentlich bemiiht, Proben jener Sande zu erlangen, 
z. B. durch Schreiben an den Pfarrer einer in der Nahe einer der Sandstellen 
liegenden Kirche und durch Bitten um Proben an alle mir bekannten Island- 
fahrer der letzten 10 Jahre, aber alles war vergeblich. Nun ist ja die Frage, 
die mir viel Kopfzerbrechen gemacht hat, gelést, wenn auch die Erklirung 
dieser Sande als koprogene Bildungen neue Schwierigkeiten bereitet und 
neue Fragen aufwirft. . 

Hine Bemerkung Herrn AsKELssons mochte ich berichtigen: es ist nicht 
ganz zutreffend, dass »die meisten Beobachtungen vom Deck des Schiffes 
auf der Reise lings der Kiiste der Westfjorde angestellt wurden»; das gilt 
nur fiir die Punkte 1—4 meines Aufsatzes. Fiir die Zihlung der Basalt- 
decken, die Feststellung der Basaltgiinge und die Lage der Kare ist ja eine 
Kiistenfahrt die denkbar beste Gelegenheit. Im iibrigen aber habe ich ge- 
niigend Zeit und Gelegenheit gehabt, Landbeobachtungen zu machen, und 
zwar in Vatneyri im Patrekfjérdr, bei Hildudalr im Arnarfjérdr, bei Thing- 
eyri im Dyrafjérdr, bei Flateyri im Onundarfjérdr und endlich drei Tage 
hinter einander, immer bei wolkenlosem Himmel und unvergleichlicher 
Durchsichtigkeit der Luft, in Isafjérdr dem aufbliihenden Haupthandels- 
platz am Skutilsfjérdr. 

Ferner méchte ich bemerken, dass ich durchaus nicht festgestellt 
habe, wie Herr Asxrtsson schreibt, dass es sich hier um Quarzsande 
handelt, sondern dass ich nur als das wahrscheinlichste einen quarzigen 
Charakter dieser ausgedehnten weissen Diinenflichen angenommen habe. 


Der Gedanke an eine koprogene Entstehung solcher Sande war mir aller- 
dings nicht gekommen. 
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De giastriklandska fornstrandlinjerna. 
Av 


B. ASKLUND. 


I sistutkomna hifte av denna tidskrift har Lektor B. HAaLpEN i uppsatsen 
pIsavsmiltning och strandférskjutning i Siljansdalen», s. 76—78, framfort 
nagra kritiserande inligg mot mitt arbete om de gistriklindska fornstrand- 
linjerna. Da Haupen sjilv uppger sig icke haft tillfille att vid tiden for sin 
uppsats tryckliggning tringa djupare in i min framstiillning aro mahinda 
de synpunkter jag hiir framfér och upprepar fran min skrift obehévliga som 
bemétanden, men de synas mig 4 andra sidan kunna frimja diskussionen 
kring de problem, som intressera oss biigge. 

Betraffande expositionsriktningarna maste jag férst beriktiga HaLpENs 
uppgift, att jag skulle ha framhallit att vagskydd ven skulle tillkomma de 
mot séder vettande, dldsta fornkustpartier. Sa ar icke férhallandet. Detta 
kan ocksa belysas med SanpeGrens karta, fig. 20, i beskrivningen till kart- 
bladet Storvik, férdelningen av land och vatten vid olika nivaers utbild- 
ning. Expositionerna fér nordliga och sydliga vindar ar sisom jag fram- 
haller a sid. 39 1 mitt arbete alldeles likartade. Oaktat att de hogsta strand- 
mirkena saknas pa manga nordsluttningar pa grund av dédisforekomster- 
nas sannolikt stérsta frekvens i dessa liigen (troligen beroende pa nordsidor- 
nas skuggligen) uppvisa likvil dessa, nir dédisar icke stort strandlinjernas 
normala inregistrering, ett markerat maximum i 195-m:s-liget (jfr sid. 37, 
fig. 22), medan samtidigt den mest framtridande expositionsriktningen, 
den éstliga, visar mycket ringa strandmirkesfrekvens och den sydliga, vid 
avsmiltningen gynnade expositionsriktningen, saknar detta maximum. Den 
vid denna tid ainnu obetydligt vagskyddade viastriktningen saknar alldeles 
strandmirken. Dessa omstindigheter tala tydligt till forman fér oliktidig 
dominans fér olika vindriktningar. Att tillskriva dessa olika forhallanden 
morfologiska omstiindigheter synes mig vara att limna problemets kirna 
‘oberord. 

Under landhéjningsskedet 200—160 m var som férutnimnda illustration 
av SANDEGREN ger upplysning om den ostliga expositionen mycket oviasent- 
ligt mera framtriidande fn nord- och sydexpositionerna. Den starkast 
framtridande abrasionen i nordostriktningen, bérjande vid 185 m:s nivan, 
ar dokumenterad med kalhillarnas maximifrekvens 1 denna riktning, klap- 
perstenarnas maximala storlek och strandvallarnas starka destruktion 1 
braénningszonen. Vid studiet av omradet dro dessa sa évertygande drag, 
att varje granskare i faltet torde kunna verifiera min tolknings betydelse. 
_ Vagstrickan for vagens framférande har jag forvisso icke lamnat obeak- 
tad (jfr beskrivningen till kartbladet Storvik sid. 105, upptill) men i huvud- 
sak inrymt i begreppet exposition. Emellertid vill jag understryka, att 
denna faktor fér de aldsta landhdjningsskedena ager mindre betydelse, da 
nimligen vid denna tid andra fér strandmarkenas utdaning gynnande fak- 
torer spelat mera framtradande roll. En sidan ar bristen pa ett skyddande 
viixtticke och rotbunden mark pa de med finjordsrika mordnjordar holjda 
bergkullarna, en annan och som jag utforligt uppehallit mig vid ar isfotbild- 
ningen, som delvis varit av dominerande betydelse och annu ned till Ancy- 
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lusgriinsens héjd formatt dana verkliga erosionshak 1 fast berg, foreteelser 
som i évrigt icke synas ha utforligare belysts fran norrlandska kustomradets 
ildre strandlinjenivaer, men dir sikerligen spela en icke oviktig roll. ig 

Haupens kritik mot min intensitetsgraderingsmetod synes mig onddigt 
negativ. Det har for mig giillt att vinna ett objektivare uttrycksmedel 
for framstillningen om strandlinjernas olikvardighet, som annars vid yskriv- 
‘bordsbehandlingen» av observationsmaterialet i alltfér hég grad maste kom- 
-ma att vila pa den enskilde férfattarens auktoritet. Var rika strandlinje- 
litteratur vittnar ju pa denna punkt mycket utforligt om huru meningarna 
gatt isiir, varfor ett férsdk att normalisera iakttagelsematerialet synts mig 
innebira en metodisk vinst. 

HaLpEN menar, att min intensitetsmarkering aven skulle omfattat de 
zoner dar strandlinjer icke framtriada,men sannolikheten likval later for- 
moda att strandens kraftspel varit livligt, yttrande sig 1 frampreparerandet 
av kalberg och starkt abraderade moranpartier. Det ar mycket begirt, 
att jag skulle i detalj kunnat avgéra vilka hallpartier, som frilagts genom 
abrasionen, vilken lagermaktighet denna omfattat och vilka moranytor, 
som i synnerhet blivit denuderade. I min skrift har jag lamnat en hel del 
anvisningar om dessa forhallanden och har givetvis énnu en hel del opub- 
licerat iakttagelsematerial till dem. Min framstillning har ju dock i framsta 
rummet avsett strandlinjerna och inom de terraingytor, dir dylika icke 
forekomma aro de naturligen redovisade med noll, icke som HALDEN siger 
oredovisade. Att inom de strandlinjesaknande ytorna strandens kraftspel 
aven kan han varit betydande har jag bl. a. utférligt belyst med av topo- 
grafien beroende klapperfilt. Men att indraga en intensitetsmarkering for 
dessa, som jag uppvisat alldeles férvirra bilden av de synkrona strandmir- 
kenas frekvensforhallanden, eller att inféra alldeles subjektiva uppskatt- 
ningar 6ver abrasionens matt vid kalbergsomradena och de denuderade 
morinytorna, vore att forstéra grunden fdr undersdkningens férnuftiga 
upplaggning. Hade sa gjorts torde en berattigad kritik ha framkommit 
mot en undersékning, vars mal varit att vinna klarhet om strandmarkenas 
férdelning. Mina slutsatser beréra dock den allmanna abrasionens storlek 
och ur totalfrekvenskurvorna for strandmirkesintensiteterna (sid. 34—35) 
kan utlisas mycket av intresse i dessa fragor, bl. a. huru abrasionen vid 
Ancylussj6éns avstiingning femdubblas i styrka for att sedan ater hastigt 
sjunka. — En studie dver abrasionens absoluta matt tillhér en annan un- 
dersékning iin den jag framlagt. 

Vad som hiir sagts berér i viss man ocks& Hatpens kritik mot sediment- 
undersékningarna i samband med mina strandlinjestudier. Vid sidan ay 
mina mera kortfattade uppgifter féreligger i SANDEGRENS beskrivning till 
kartbladet Storvik en ganska utférlig redogérelse icke blott for de allmanna 
forhallandena utan manga detaljuppgifter lata sig aiven utlisas. Pa atskil- 
liga stillen av min skrift har jag behandlat de distala grusbildningarnas 
natur och uppkomstforhallanden (sid. 13—14, 16, 20—21, 58—59; kart- 
bladet Storvik s, 103—105). Forhallandena aro dock i allminhet ej gynn- 
samma for dylika studier inom omradet pa grund av de distala sedimentens 
relativt stora miktighet, som férutsiitter omfattande borrningar fér att 
rorande dessa bildningar n& sikrare resultat. 

_Betriffande den generella uppfattningen om de distala sandackumula- 
tionernas natur torde emellertid HatpEns och mina uppfattningar ga va- 
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sentligt isir. Haupren har utan tvivel mycket fortjinstfullt bidragit till 
utredningarna om det distala strandgrusets natur och utbredningsférhallan- 
den, men att fran dessa undersékningar betraffande det norrlindska kust- 
omradet vaga draga slutsatser om att enbart negativ strandforskjutning 
agt rum fran marina griinsens utbildningstid fram till nutid synes mig obe- 
Tattigat. Annu i Gistrikland uppvisar ju havsytan vid Litorinagrinsliget 
icke endast en utan flera positiva strandférskjutningar, som jag har grun- 
dad anledning férmoda att ha strickt sig visentligt nordligare och jamvail i 
sédra Halsingland iro fullt tydligt registrerade med distala grusackumula- 
tioner. En utférligare kinnedom om det senare decenniets stenaldersforsk- 
ning belyser ocksa sa avgérande, huru en betydande procent av de mera 
detaljerat utgriivda strandboplatserna uppvisa serier av positiva strandfor- 
skjutningar just inom distala strandgrusbildningar. Utan tvivel ar darfor 
uppfattningen av de distala grusackumulationerna som nira nog eller enbart 
' hirstammande fran negativ nivafoérindring ingalunda 1 sadan kontakt med 
det nyare observationsmaterialet, att den ma hivda sig som modern gent- 
emot de askadningar, som riknat med positiva nivaforandringars stora be- 
tydelse for de distala grusskiktens uppkomst. 

Fran mitt undersékningsomrade har jag givit ett exempel, diir det synes 
mig sannolikt att en »dubbelbottnad» sedimentserie utgér ett beligg fér 
transgressioner 1 Ancylussj6n efter det sydbaltiska maximets utbildningstid 
(fig. 31, sid. 58). Den nedre profilen uppvisar har nirmast under ett tunt 
torvdylager ett nagot mer an halvmetertjockt lager av lerig mjala, ett ty- 
piskt »viksediment», bildat nar topografien slutit sig kring den dalgang, som 

_ har skildrats (lutningsférhallandena utesluta att det har skulle réra sig om 

ett vanligt insjésediment). Déiarunder féljer ett halvmetermiktigt distalt 
gruslager, uppat dalsidorna grévre. Det vilar pa en fet Ancyluslera, som i 
dalbottnen bildar ett nagra dm tjockt lager, vilket emellertid uppat dal- 
sidorna ar starkt eroderat och uppdelat i klumpar, inblandade i grévre grus, 
-markerande en brinningszon. Under detta lerlager foljer i sin tur ett minst 
metertjockt lager av grovt distalt strandgrus, som vilar pa den vanliga 
varviga leran, vars kontakt ar mycket ojiémn och férsedd med tydligt ero- 
derade sma skikthuvuden. Den intresserade lisaren finner av denna skild- 
ring, att det insmugit sig ett lager for mycket i profilen for att den skulle 
kunna representera en normal regressionsprofil. Just detta fall har teoretiskt 
diskuterats av HaLpEn i hans larorika gradualavhandling (8. G. U. Ser. C. 
N:o 280, 1917, s. 12), dir foljande pretention pa en positiv strandférskjutning 
pa ett klart och redigt satt definieras: »Finkorniga sediment, som ej lingre 
sta under Balticums vattenyta béra enligt min mening fér att kunna antyda 
nivaoscillationer uppvisa tvenne nagot sa nar likartade skikt av grévre 
_kornstorlek». Min profil uppfyller eklatant denna fordran, som ju emellertid 

icke nédvindigtvis behéver vara uppfylld for att nivaoscillationer skola 
lata sig konstateras (jfr redogérelserna for gyttjelagerfoljden under torv- 
marken vid Osterbo, SANDEGREN: kartbladet Storvik sid. 132 ff. och ASK- 
LUND: Gastriklandska fornstrandlinjer sid. 71 ff.) 
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Fornkustbildningarna i Gastrikland. 


Nagra kompletterande synpunkter 
av 


Bertin EH. HALDEN. 


Med anledning av Dr Askuunps férestaende diskussionsinlagg (G. F. F. 
Bd 58, h. 2) vill jag giirna nyo understryka, att min installning till inten- 
sitetsgraderingsférsdken, i den man dessa avse att_genom statistisk behand- 
ling pa sitt som av ASKLUND prévats ge klarhet 1 fraga om fornvindar och 
transgressioner, ar ganska negativ. Dessa férsdk maste n&émligen enligt 
min mening tyvarr lamna alltfér stort spelrum at de oatkomliga momenten, 
resulterande i en svaruppskattbar osikerhet hos resultaten. 

Ehuru det ar vanskligt att av enbart den tryckta framstallningen och till- 
gingliga kartor i detalj klart uppfatta de terraéngforhallanden, som ligga 
till grund fdr den genomférda statistiken, synas dock atskilliga framtra- 
dande drag ignade att inge en smula tvivel pa denna statistiks tillforlitlg- 
het. 

ASKLUNDs ovanstaende uppgift om att vastsidorna inom skiirgarden vid 
tiden fér hégsta kustlinjens utbildning skulle vara endast obetydligt battre 
vagskyddade in 6vriga expositioner, ar alldeles obegriplig. Héjdkartan ger 
rakt motsatt besked 1 denna fraga. 

En harmed sammanhingande omstindighet ir, att terriingens exposition 
mot nordost air utomordentligt tydlig inom stora delar av omradet. Sarskilt 
giller detta Sdderasen, varifran en betydande del av materialet till stati- 
stiken ar himtad. Lika klart besked ger héjdkartan om att bergstrakterna 
W om Storvik aro sirskilt exponerade for SO-vindar. Nagra observationer 
av strandmarken i sadan exposition finnas emellertid ej] angivna a ASK- 
LUNDs karta, som fdr niimnda omrade endast upptager sydlig resp. nordlig 
exposition. 

Till undvikande av varje missférstand rérande storleksordningen av den 
maximala viigstriicka, for vilken »Stevensons formel) ar anvindbar, ma har 
enligt nyare bearbetningar och med hansyn tagen jamvail till férhallandena 
i Ostersj6n anforas siffran 370 kilometer. (Fér en mer kvalitativ uppskatt- 
ning kunde eljes hiinvisas till de olika erfarenheterna av vagbildningen som 
envar kan gora under batfirder 4 ena sidan inomskiirs, 4 andra sidan utom- 
skirs vid lika stark havsvind.) 

Mitt uttalande om att bista vagskyddet i Giistrikland enligt AskLUNDs 
framstillning — iiven om jag ej godtager berikningsmetoden — tillkommer 
vistliga och sydliga expositioner grundade sig pa figg. 11, 21 och 22 i hans 
avhandling men avsig ej sirskilt de hégsta nivaerna, da de ju jimférdes 
med de postglaciala i Halsingland. 

Nivan c:a 175 m 6. h. spelar en viss roll fér AsKLUNDs resonemang och 
siiges bl. a. (sid. 25) representera ett maximum iiven i nordlig exposition 
a Séderasen, Man fragar sig, hur detta ir mdjligt, d& observationerna for 
de nordliga expositionerna (linjerna 12 och 13) upphéra vid n&émnda niva. 
Att de hégre fin 175 m beliigna strandmiirkena uppvisa reducerad intensitet 
aiven i sydlig exposition kan betriffande linje 8 mycket val tinkas bero pa 
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att — om man far déma efter kartan — denna linjes hégsta del i sjilva ver- 
ket ar exponerad mot SW. 

Ovanstaende exempel utéver de i min Siljans-avhandling andragna iro 
har meddelade, alldenstund de synas mig berittiga till den slutsatsen, att 
den férebragta statistiken icke motsadger méjligheten av helt andra orsaker 
an vindstyrka och transgression sisom avgorande fér vissa viisentliga drag 
1 traktens strandbildningar. Min egen Asikt i fragan — vageffektens bero- 
ende i frimsta rummet av strandens riktning och de mer eller mindre effek- 
tiva, av skirgardsbildningen betingade svallskydden — har erhallit ett 
synnerligen kraftigt stéd genom de analoga undersékningar, som i Finland 
utforts av SecersTrAve (Fennia 47, 1927). Siirskilt upplysande i detta 
hanseende ir fig. 11 i den asyftade avhandlingen samt uttalandena 4 sidd. 
27—29, avslutade med den sammanfattande meningen »yatt en tydlig 
motsvarighet till de fér de svenska skalmiargel- 
fyndigheterna utmarkande expositionsférhallan- 
dena kan iakttagas i fraga om férekomsterna i vart 
land)». 

Med avseende pa de mellanlagrande grusskiktens etc. uppkomst har AsxK- 
LUND ansett sig finna ett medgivande fdr transgressionshypotesen i ett 
mitt uttalande (S. G. U. Ser. C., 280, sid. 12). Dar talas om att vissa lager- 
f6ljder med dubbla grusskikt kunna »antyda» nivaoscillationer. Den diirpa 
féljande, av ASKLUND uteslutna meningen (yatt genom successiv isolering 
av olika hdjdpartier distala strandgrusskikt av flere ordningar kunna upp- 
sta etc.) avser att markera den stora differensen mellan en antagen méj- 
lighet och ett bevis. I den asyftade avhandlingen (Tavl. I, Finntjarn och 
‘Smiilskmyra) ses sidana exempel pa upprepning av grovsedimentens upp- 
tradande som saknar kind motsvarighet i de hittills undersdékta lagunsta- 
dierna, vilkas antal f. 6. genom senare undersékningar ir vida stérre iin de 
1917 foreliggande. 

I nagra narmare undersdkta specialfall har jag kunnat pavisa pollen- 
analytisk eller dirmed analog dverensstimmelse mellan 4 ena sidan vart- 
dera av tva i samma lagerféljd pa olika djup upptriidande grus- eller sand- 
skikt och a andra sidan just de lagunstadier, som till sitt héjdlige svara mot 
topparna av tvenne olika hégt och pa olika avstand beligna jord- eller bergs- 
héjder, som framtrida i terringen kring resp. lagerserie; icke i nagot fall 
har en sadan undersdkning givit negativt resultat. 

Att andraga arkeologiska fyndomstindigheter i samband med distala 
strandgrusskikt sasom bevis for transgressioner synes mig med férlov sagt 
vara ett mycket farligt tillvagagangssatt, foga sikrare 4n nar man av sta- 
tistik pa grund- och djupvattensformer bland enheterna i en skalgrusav- 
lagring séker bevis for nivaoscillationer. 

- Som bevis for havstransgressioner 1 Gistrikland anféras vidare vissa de- 
taljer i Osterbotorvmarken. Jag har tagit del av diatomacéanalysen fran 
den omstridda, av betydande sétvattenstillfloden paverkade lagerserien 
och diarvid funnit den mest sannolika tolkningen vara den av SANDEGREN 
uttalade. Vissa detaljer i den tills vidare endast preliminart utforda analy- 
sen kunna rent av anses tyda pa att saltvattensinslagen 1 lagerseriens Ovre 
delar snarare 6verskattats iin negligerats (jfr G. Lunpevists och H. THo- 
massons ekologiska och topografiska passpunktsnivaer, G. F. F. 1923 sid. 
383). Den inlagrade brunmosstorven har enligt muntligt meddelande av 
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Dr SanpEGREN karaktiiren av en gungflybildning, som genom nedsjunkning 
kommit att intaga sin plats pa gyttjan. 

For dem som alltjimt kanna sig tilltalade av hypotesen om transgres- 
sioner, registrerade av leror vilande pa sand- eller grusskikt i den mellan- 
och nordsvenska kvartiiren, rekommenderas ett studium resp. en revision 
av de innehillsrika profiler, som finnas atergivna i beskrivningen till geol. 
bladet Uppsala, fig. 1, samt i ParsKuLts halvt avglomda gradualavhandling: 
»Om de lésa jordlagren i en del af Milaredalen» (Stockholm 1860), fig. 4, 
5 och 7. Ett systematiskt studium av dessa och liknande lagerserier skall 
otvivelaktigt ge som resultat, att hela den tid, som forflutit sedan hégsta 
kustlinjen utskulpterades, fir sa att siiga spaickad av detta slags transgres- 
sioner. Den ingalunda foraktliga erfarenhet, som fornsj6forskarna av facket 
redan insamlat under de senare decennierna, utgér emellertid en ganska god 
borgen fér att dessa »transgressioner» 1 flertalet fall skola visa sig behaftade 
med den lila egenheten att icke kunna aterfinnas i de till tiden motsvaran- 
de, for varje forindring 1 nivahiinseende sa kinsliga lagunstadierna. Posi- 
tivt givande blir helt visst ett dylikt studium i och med att samtidigt den 
omgivande terriingens detaljer registreras, varvid sirskilt de forntida svall- 
fronternas och svallskyddsligenas héjdvirden angivas. Att dessutom till- 
falliga stormar nagon gang kunna hava foranlett utsvimning av grus- och 
sandskikt fran strinderna oberoende ay terrangens detaljer (G. Dr GrErs 
»stormskikt»), maste alltjimt anses sannolikt. 


GEOL. FOREN. FORHANDL. 


Moétet den 5 mars 1936. 


Narvarande 35 personer. 


BdPo8:, “H: 


379 


Ordf6randen, Hr N. Macanusson, éppnade motet, varefter revi- 
sionsberittelse Over styrelsens och skattmiastarens forvaltning under 
ar 1935 fdredrogs, och av revisorerna tillstyrkt ansvarsfrihet bevil- 


jades. 


Sammandrag ay Geologiska féreningens rakenskaper for ar 1935. 


Debet. 
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Foreningen beslét inga till Kungl. Maj:t med ansdkan om ett anslag 
av kr. 1700 och till hrr fullmaktige i Jernkontoret med ansdkan om 
ett anslag av kr. 1000 sasom bidrag till fortsatt utgivande under ar 
1936 av Féreningens Forhandlingar. 


Hr P. Toorstunp holl ett av ljusbilder illustrerat foredrag om: 
Nagra stratigrafiska och tektoniska ron fran 
Siljansomradet. 

Foredr. berérde forst kortfattat de undersdkningar, som ha samband 
med faststillandet av Orsasandstenens stratigrafiska lige, och pa- 
visade med stéd av forefintliga litteraturuppgifter, att sandstenen 
sannolikt vilar med erosionsdiskordans pa den fossilforande siluren. 
Dar kontaktforhallandena nagot sa nar kunnat faststillas, har naém- 
ligen sandstenens liggande visat sig besta antingen, sasom vid t. ex. 
Styggforsen, av den s. k. cementkalken, d. v. s. retiolitesskifferledets 
dversta del, eller ocksa av bumastuskalk. Den sistnimnda, som endast 
anforts fran Nederberga i Orsa sin, namngavs av TORNQUIST, vilken 
ansag densamma utgora de yngsta fossilforande lagren inom omradets 
silur och vara saval 1 petrografiskt som faunistiskt avseende tydligt 
skild fran den aldre cementkalken. Var kinnedom om Dalarnas 6versta 
fossilforande silurbildningar maste emellertid annu betraktas sasom 
mycket ofullstiindig, varfor en noggrannare undersékning av dem bor 
kunna ge niirmare besked om den formodade diskordansens storlek 
samt givetvis Aven (tack vare sedan sekelskiftet tillkomna stratigrafiska 
utredningen Over siluren inom andra omraden och dirigenom forefint- 
liga méjligheter till korrelation) kunna bidraga till att i nagon man 
fixera Orsasandstenens Alder. Denna torde Annu fa anses vara en 
oppen fraga, oaktat Happrnes omnimnande ay fossilfynd i sandste- 
nen. Foredr. framhdll nimligen som sin asikt, att meddelandet av dessa 
mycket betydelsefulla fynd har en sa preliminir karaktir, att man 
svivar 1 ovisshet, om man verkligen kan rikna med dem for en datering 
av Orsasandstenen. I den petrografiska beskrivningen av den fossil- 
férande sandstenen har Happrne kraftigt understrukit, att de fossila 
skalen dro mycket nétta, vilket otvunget leder tanken till den i detta 
fall ingalunda uteslutna omstindigheten, att fossilen térhinda fore- 
komma i sekundirt lage i sandstenen. 

Det andra stratigrafiska avsnittet av féredraget utgjorde - huvud- 
sakligen en demonstration i bild av aldre och nyare uppfattning av 
den s, k. leptaenakalkens upptridande i lagerserien. En utforligare 
framstillning i denna sak samt av nagra senare skildrade tektoniska 


iakttagelser vid vissa revkalkforekomster kommer att inflyta iS. G. U:s 
publikationsserie. 
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Sasom huvudtema behandlades omradets ceratopygeled ur syn- 
punkten pa dess anviindbarhet for utredandet av det subordoviciska 
_landskapets morfologi. En detaljgranskning av de hittills kinda pro- 
filerna genom ceratopygelagren visade, att dessa ha en likartad ut- 
_bildning och jimférelsevis obetydliga miktighetsvariationer inom de 
delar (i S och O) av Siljanstrakten, dir underlaget bestar av ildre ur- 
berg (gnejs och granit). Norrut utgéres liggandet dvervagande av 
blandad porfyr- och sandstensberggrund, och har framvisa de ordo- 
viciska bottenlagren stérre omviixling i berérda avseenden. Detta 
demonstreras av trenne profiler, av vilka tvenne tidigare fro kinda 
genom beskrivningar av Térnqurist, Hotm och Wiman. Den senare 
kunde genom féretagen gravning vid Kargirde i sluttningen mot 
Orsasj6n pavisa, att mellan harstades anstaende porfyr och planilimba- 
takalk ligger ett 0,24—0,42 m miaktigt lager glaukonitlera med por- 
fyrfragment, i smirre fordjupningar av underlaget iiven stodrre bollar 
av portyr och fosforit. I den av TérnQuist och Hom beskrivna pro- 
filen vid Talubaicken i Skattungbyn befanns den huvudsakligen av 
graptolitforande skiffer (undre didymograptusskiffer) ersatta plani- 
limbatakalkzonen och porfyren vara skilda at av ett ungefir fots- 
tjockt lager av gronaktig kalk med porfyrbollar jamte paliggande 
glaukonitrikt kalkskikt. Sannolikt tillhéra savaél glaukonitleran vid 
Kargarde som »grénkalken» i Skattungbyn cerapygeledet, ehuru bri- 
sten pa fossilfynd i bagge fallen géra bestamningen oviss. 

Den tredje profilen tillkom fér ett par ar sedan i samband med vag- 
arbeten vid Djupgrav och vasterut fran denna ravin och 4&r belagen 
c:a 2 km V om Talubicken. Berggrunden 1 vigskirningarna fran Skat- 
tungbyn till ett par hundra m bortom Djupgrav utgéres av Diger- 
bergssandsten. Endast nirmast byn framsticker réd porfyr. Sand- 
_ stensserien avslutas 6verst eller nérmast under de ordoviciska lagren 
av finkornig gra och tegelréd sandsten med inlagrade tunna lerskiffer- 
skikt.1 Hirpa folja si med samma branta stupning som sandstens- 
serien eller 85° at N 15°V (fig. 1): 


MEME UCHOVOMICEA GG ee Gu Soe, ee ds ee ty eee we ye Dh 
2. Lerig glaukonitsand, uuderst med bollar av porfyrm.m.. 0,32 » 
3. Glaukonitforande grén- och rodaktig kalksten . . . . . 0,33 » 
4. Tunnskiktad gra, i en mittzon réd kalksten vaxellag- 

Pade med picther eet oe een, oe ee ee. 1,555) 


1 Det var tydligen denna del av sandstensserien, TORNQUIST avsig och eee 
blandade med Orsasandstenen, di han vid Skattungbyn sdkte stéd for sin uppfatt- 

ning, att den sistnimnda utgjorde liggandet till de fossilférande lagren. (Senare 
 tillagg under diskussionen.) 
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Blottningar saknas sedan pa en kortare stricka, dir sikerligen en 
forkastning gar fram, ty vasterut aterkommer forst nagra m sandsten 
och darpa en lagersvit, vars undre del ar sa gott som identisk med 
den beskrivna profilen. I denna hade endast lager 4 medelst fossil- 
fynd kunnat bestimmas; det tillhor planilimbatazonen. Konglome- 
ratet har underst mera sandstensmassa iin bollar men uppat blir boll- 
materialet 6vervagande. Bollarna aro val rundade och besta mestadels 
av porfyr men sadana av Dl. a. Digerbergssandsten och réd kvartsit- 
sandsten ha iakttagits. Porfyrbollarna kunna na en storsta genom- 
skirning av 1,5—2 dm. Fosforitbollar ha icke iakttagits, men Overst 


Fig. 1. Djupgravprofilen, forklaring se texten. 


ar 2 dm av konglomeratet mérkfargat, sannolikt av fosforitbeligg pa 
sandstenskornen i mellanmassan (fosforhalt pavisad vid kemisk: un- 
dersékning men ej bitumenhalt). Konglomeratet liknar icke i Diger- 
bergssandstenen férekommande konglomeratlager, och tillhér siaker- 
ligen den ordoviciska lagerserien, 1. vilken det intager samma plats 
som oboluskonglomeratet. Detta senare har av Happine@ ansetts 
representera ett intraformationalt regressionskonglomerat, en uppfatt- 
ning, som ur allmiin-geologisk synpunkt knappast kan vara beratti- 
gad, da ju kambrium saknas eller i varje fall icke kunnat pavisas inom 
omradet och da vi ju for évrigt aga si manga bevis for att ordovicium 
inleddes med en transgression 6ver det skandinaviskt-baltiska om- 
radet. Happrnes sedimentpetrografiska undersékning har emellertid 
adagalagt, att stérre delen av oboluskonglomeratet utgér en bildning 
tillkommen genom omlagringar under — sdsom Happine iiven fram- 
hallit — oscillatoriska nivaférindringar. Rester av det primira trans- 
gressionskonglomeratet béra likval finnas hir och var och sdésom en 
sidan rest torde stérre delen av konglomeratet i Djupgravsprofilen 
kunna uppfattas. 

Resultatet av en granskning av Siljansomradets ceratopygelager 
eller — rittare uttryckt — de lager, som ha planilimbatazonen till 
hingande, blir bl. a. féljande. Maktighetsvariationen hos dessa lager 
ar relativt ringa och faller mellan ungefir 2—3 dm och 3.5 m. Denna 
visserligen timligen obetydliga variation ager rum huvudsakligen 
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inom det gebit, dir underlaget utgdres av blandad profyr- och sand- 
stensberggrund. Dir sparas iven mera betydande faciesviixlingar an 
inom ost-sydliga delar av omradet. 
Den jamforelsevis ringa miktighetsvariationen hos ifragavarande 
del av lagerserien utsiger, att det ordoviciska havet inunderade ett 
_foga kuperat landskap, om in en antydan om en nagot mera skirpt 
topografi norrut likval férefinnes. Den oscillatoriska transgressionen 
skulle givetvis ha framkallat en sedimentanhopning till sankorna och 
darigenom storre skillnader i maktighetssiffrorna, i fall det subordovi- 
ciska landskapet icke representerats av en tiimligen plan landyta. 
Foredr. ville emellertid géra sannolikt, att den subordoviciska land- 
_ytan inom Siljansomradet i stort sett sammanfaller med en yta av 
betydligt hégre alder, nimligen den prekambriska, vilken ju sdsom 
A. G. Héexsom och senare sirskilt Asktunp framhallit till viasentlig 
del utformats till ett peneplan i subjotnisk tid. Inom stérre delen av 
omradet eller nirmare bestaémt det ost-sydliga avsnitt, dar ordovi- 
ciums underlag utgéres av aldre urberg, skulle sdlunda den subjotniska 
landytan funnits bevarad eller snarare utpreparerad vid den 
ordoviciska transgressionen. 
Mojligheten till denna datering synes vara ganska stor. Vi ha ju har 
. langst 1 norr det sydliga grinspartiet av omradet for de — dtminstone 
hittills — sésom subjotniska betecknade dalaporfyrerna och inom 
detta gebit en sandstensserie, den s. k. Digerbergssandstenen, vars 
Oversta del i preordovicisk tid sannolikt haft betydligt stérre utbred- 
ning och sakerligen en gang tickt hela det omrade, vi nu benimna 
Siljansomradet. Pavisandet av sprickfyllnader av denna sandsten i 
de fossilfo6rande lagrens iggande inom de delar, dir detta utgéres av 
aldre urberg, skulle givetvis besanna denna férmodan. Ett fynd av 
dylik art kan dock endast bero pa en lycklg tillfallighet, da ju den 
subordoviciska ytan pa grund ay senare forkastningsroérelser oftast 
har mycket brant stupning och dirfor knappast blir blottad annat 
fin i smarre skarningar. Fran oboluskonglomeratet vid Sjurberg (in- 
om granitomradet) har dock Hepstrém omnamnt bollar av réd skif- 
fer, som uppenbarligen kommit fran aldre sedimentira lager. 
Digerbergssandstenens Aaldersfraga har givetvis betydelse i detta 
sammanhang men om dess jotniska alder torde nippeligen nagot 
tvivel kunna rada, da den ju utgér de omlagrade sénderdelningspro- 
dukterna av dalaporfyrerna och andra bergarter i anslutning till dessa. 
Foredr. asyftade harvid naérmast den del av sandstensserien, som kom- 
mer intill de ordoviciska lagren inom undersékningsomradet — sasom 
vid Vangsgirde i sluttningen mot Orsasjén, Granan och vid Djup- 
gravsprofilen — men icke de tuffbildningar, som LoostROM avsett 
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med benamningen Digerbergssandsten. Daremot torde den tala en 
jamforelse med de av von EcKERMANN i dennes preliminara redogorelse 
for Loos-faltets geologi sasom Dalasandstenar och konglomerat be- 
tecknade bildningarna. . 
Sandstenen ar fdrkastad tillsammans med de fossilf6rande lagren 
och uppvisar runt den inre barden av »silurringen)» samma stupningar 
som dessa. I subordovicisk tid torde den darfor och sasom framgatt 
av undersdkningarna av ceratopygeledet huvudsakligen ha utgjort 
dalfylInader i en at N och NV sannolikt alltmera kuperad porfyr- 


terring. . 
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Med anledning av foredraget yttrade sig hrr Loosrrém, Backiunp, 
ASKLUND, TRoEDSSoN, HaLDEN (se notis sid. 359 i detta hiafte av 
Forhandlingarna), Honmauist och foredra ganden. 


Hr Loosrrém framhdll, huru virdefulla dessa foredragandens noggranna 
detaljarbeten i filt aro for uppredandet av den komplicerade tektoniken inom 
norra Dalarna. I sitt meddelande om Alvdalsformationen! hade tal. om- 
nimnt, att de pa Torneursts karta utsatta hallarna av Alvdalsserien be- 
sta av dels Digerbergssandsten och dels porfyrit av den typ, som utgéra 


* Die Unterlage der Elfdalgesteine. Bull. of Geol. Instit. of Upsala. Vol. 15. 
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bottenlagren i Alvdalsformationen. Norra Dalarnas prekambriska gsand- 
stenar och silur éverlagra Alvdalsformationen, och bevis for detta 


ir ej 
blott, att sandstenens bottenkonglomerat halla bollar av Alvdalsberg ; 


arterna 


utan kan ock har tilliggas, att tal. funnit en sandstensgang av prekambrisk 


typ i Manstaberget, Alvdalens sin. Genom de talrika férkastningarna inom 
siluromradet ha partier av Alvdalsserien horstliknande férskjutits uppat och 


“sedermera blivit blottade genom denudation. 


Alvdalsformationens grins mot séder till siluren utgdres sisom man vet 
av forkastningar, men iiven mot bergarterna éster ut pa andra (viistra) 
sidan Siljan i Mora socken ar Alvdalsformationen begriinsad av forkastnin- 
gar. En serie ay sadana ga fram fran 6ster till viister och avskira tviirt 
Alvdalsseriens utbredning at séder. Hair har ej berggrunden blivit sinkt 
sasom inom siluromradet, utan rérelsen har huvudsakligen haft motsatt 
riktning, sa att Alvdalsserien underlagrande bergarter trida fram. Fér- 
kastningarna ha varit sa stora, att till och med mycket djupt liggande lager 
ha blottats, sasom kvartsit 1 Karlsberget och kvartsporfyr i 8. Garberget, 
Nasklitt och Leksberget, vilka bada bergarter erinra om Loosfiltets bergarter. 
Att dock aven sinkningspartier forefinnas hiir bevisa férekomster ay Diger- 
bergssandsten vid Ryssa och Dalasandsten vid Larstjarn. 

Foredr. hade uppvisat omraden av Digerbergssandsten inom siluren, 
och ville tal. paminna om, huru trakigt det ir, att denna bergart, som 
blott sporadiskt upptriider i Digerberget och utan att man dir kan visa 
dess geologiska stillning, likvaél fatt och far behalla sitt namn. Diger- 
bergssandstenen ir, som tal. visat, en pyroklastisk bildning, vilken upp- 
trider mellan eruptionsstr6mmarna i Alvdalsserien. Den intager inom 
detta falt vidstrickta arealer. Det stdrsta omradet stricker sig fran Nas- 
sj6n 1 Alvdalens s:n vaster ut 6ver Vamhus s:n och langt in i Orsa socken 
och ett annat omrade férefinnes vid Aman i trakten av Amadalens station, 
Digerbergssandstenen framtrader sirskilt storartat norr om Niassjén 1 Alv- 
dalen, dir en profil genom densamma ir blottad i de héga bergvaggarna. 
I éstra inden av Niassj6n kommer botten for denna bergart, som har flack 
stupning at VNYV, till synes och utgéres av porfyrit. Digerbergssandstenen 
kan fran denna plats foljas uppat i lagerserien genom blottningar 1 bickar, 
tvira branter och vildiga bergsstup. Den ar uppbyggd av pyroklastiskt 
material, dels finkornigt och da pa sina stiillen skiktad och dels av agglo- 
merat i gigantiska proportioner. Dessutom upptrida vixellagrande inom 
densamma smirre porfyritbiddar. Digerbergssandstenen kan féljas i ett 
sammanhang fran Niassjéns dstiinde upp genom Hykieberget och diarefter 
vaster ut i Uvbergen fram norr om sjén till berget Vitturn vid Klittens by. 
Har éverlagras den av porfyrit, och kontakten ir tydligt blottad. 

Att Digerbergssandstenen ar en helt annan formation an Dalasandstenen 


ville tal. sirskilt framhalla. Dalasandstenen visar tydligt i vidstrickta 


omraden med utpriglade bdéljeslagsmiirken, att den ar en grundvattens- 


bildning. 


Hr B. Asktunp framhdll det stora virdet av féredrag:ns nya iakttagelser, 
som ju fort kunskapen om det genom de kvartira avlagringarnas utbredning 
si svarstuderade omradet mycket visentligt framat. 

Med anledning av Dr Loosrréms yttrande syntes det fullt tydligt, att 
bergarter med den s. k. Digerbergssandstenens typ och stratigrafiska still- 
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ning som ett subjotniskt, pyroklastiskt sediment verkligen forekomma in- 
nanfor kambrosilurringen. Av de prekambriska sandstensbildningar, som 
forekomma inuti ringen, hade tal. endast sett de, som komma de fossilféran- 
de lagren nirmast i trakten av Orsa. Dessa kunde enligt tal:s mening knap- 
past tinkas. intaga annan stratigrafisk stillning an Dalasandstenen. De 
iro sdsom framhallits av H. von ECKERMANN icke pyroklastiska utan forete 
fullstiindig 6verensstimmelse med normal Dalasandsten, med dennas rike- 
dom pa porfyrbollar inom de mera konglomeratiska partierna. 


Dr Loostr6m hade framfort fragan om diabasen vid Aberga i Orsa méj- 
ligen skulle kunna vara postsilurisk, i enlighet med TOrNQuists uppfatt- 
ning. Vid ett besdk pa platsen under sistlidna sommar hade tal. latit utféra 
en grivning, som blottat kontakten mellan diabas och ortocerkalksten. 
Ehuru kontaktplanet sasom ofta i Siljansomradet torde vara tektoniskt 
och salunda sekundart, astadkommet vid en mindre rérelse mellan de olika 
bergarterna, uppvisar dock diabasen hiir en kontaktfortitning, som knappast 
kan tolkas annat an som bevis for diabasens postordoviciska Alder. 


Tal. hade emellertid funnit ett annat bevis fér att postkambrosiluriska 
diabasgangar forekomma inom trakten. Vid Stumnsnis i Rattvik férekom- 
mer nara intill bryggan ett mirkligt litet hallomrade av en grov granitbreccia. 
Denna kommer i direkt kontakt med och kringgrinsas till stor del av réd 
ortocerkalk, som i brist pa karakteristiska fossil e] kunde nivabestiimmas, 
men som tal. formodade tillhéra »dvre réd». Dar breccian kommer i kon- 
takt med kalkstenen ar iven den senare breccierad. I stranden férekomma 
1 granitbreccian ett par mindre, basaltliknande gangar, delvis évergiende i 
vil avgransade, mérka agglomerat- eller brecciegangar. 


Den mikroskopiska undersékningen hade faststallt, att det hiir foreligger 
en tat, nu starkt saussuritiserad diabas, salunda av postordovicisk alder. 
Den rundade breccian, vars genomskirning uppgick till 15 A 20 m tolkade 
tal. som en vulkanisk explosionsbreccia och erinrade dirvid om HERMAN 
Hxpsrroms fynd av agglomeratartade sprickgangar vid Sjurberg och andra 
lokaler inom Siljansomradet samt att HepsTR6m alldeles riktigt tolkat dessa 
bildningar som vulkaniska. 


Om det hirmed ir konstaterat att Siljansomradet verkligen haller »post- 
siluriskay eruptivbergarter, uppstiller sig fragan om vilken Alder dessa kun- 
na formodas iiga. Den grévre Abergadiabasen réjer en viss frindskap med 
essexitiska diabasarter och man kunde dirfér mdjligen tinka pa att samman- 
halla den med permiska eruptiv. Att den permiska diastrofismen Aven 
kunnat géra sig gillande hir fann tal. méjligt bl. a. dirigenom, att avstan- 
det till omraiden, dir denna gjort sig giillande, ej var alltfér betydande 
(Mjésenomradet, NV-ligaste Dalarne). 

Tal. hade sékt bilda sig en mening om kambrosilurringens uppkomst- 
historia. I Ramsays Geologiens Grunder, 3:dje uppl., hade tal. betecknat 
siluromradet som ringformigt inférkastat och menade diirmed att det vore 
danat genom vulkanisk instértning. Vid faltgranskningen hade tal. funnit, 
att hela den s. k. »kupolen» egentligen utgér en insinkt cirkelformad yta, 
vars centrala partier blott i férhallande till de starkt denuderade fossil- 
forande bildningarna framstar som en kupol, men i forhallande till omgivan- 
de prekambrisk berggrund ir avsinkt, uppskattningsvis 100 & 200 m. Detta 
faktum i férening med existensen av forkastningsringen tyder klart pa att 
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Siljansomradet anlagts vid vulkanisk verksamhet, i samband med aktivitet 
fran en centraleruption, vars kiirnomrade befinner sig under »kupolen». Genom 
ringformig anliggning av tensionssprickor lings konformiga, inatstupande 
‘rorelseplan kan man forklara uppkomsten av de mirkviirdiga, ofta brant- 
staende upprepningarna av den kambrosiluriska lagerféljden, som iakttagas 
_vid Fjacka, Sjurberg m. fl. lokaler. Dessa bilda det iildre tektoniska mo- 
mentet fran den tid, da genom den vulkaniska aktiviteten »kupol»-omradet 
pressats uppat. De mirkliga av THorsLunpD funna éverskjutningarna till- 
héra ett yngre moment, da aktiviteten upphért efter sannolikt betydande 
agglomerat- och gaseruptioner. Kupolomradet sjénk da in efter konformade 
utatstupande férkastningsplan, varvid de relativt mjuka kambrosiluriska 
tiickbergen hopskrynklades vid ringens yttre periferi och delvis skétos éver 
ringens mindre perifera partier. 

Breccior av agglomerattypen ha mycket betydlig utbredning, men deras 
beskaffenhet och uppkomsthistoria har icke varit férstadd. En stor del av 
dem har TORNQUIST a sin geologiska karta markerat som hilleflinta och s. k. 
Digerbergssandsten, men bland dessa bildningar inga agglomerat upp- 
komna i samband med vulkanismen. De ha betydlig utbredning t. ex. vid 
Skattungbyn och utmed nya landsvagen mellan Skattungbyn och Aberga. 
De likna i sin typiska utbildning alldeles de agglomerat, som tal. funnit vid 
de embryonala vulkanomradena Tviren i Sédermanland och Lumparen pa 
Aland. 

Omradets vulkaniska tektonik motsvarar dverraskande val den allmanna 
teori rérande vulkaniska instértningar och eruptioner som med avseende pa 
centraleruptioner framstallts av Dr E. M. Anperson (Tertiary and Post- 
Tertiary Geology of Mull, Loch Aline, and Oban, Mem. Geol. Surv. Scot- 
land, Edinburgh 1924, pp. 11—12). 


Vid métet utdelades N:o 404 av Forhandlingarna. 


Métet den 2 april 1936. 


Narvarande 42 personer. 


Ordforanden, hr N. H. Maanusson, meddelade, att styrelsen till 
ledaméter i Foreningen invalt Amanuensen Fil. Mag. Karn Erik 
Berasten, Lund, foreslagen av hrr NeLson och Hebe samt Bergsin- 
genjoren P. Lacerusetm, Finspang, foreslagen av hr TROEDSSON. 

Utdelades en fran den finska kommittén for det Nordiska (19 skan- 
dinaviska) Naturforskarmétet i Helsingfors den 11—15 august 1936 
utsiind cirkulirskrivelse n:o 1. Intresserade kunna erhalla ytterligare 
exemplar av cirkulirskrivelsen genom sekreteraren, 
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Hr Geiser holl ett med stuffer illustrerat foredrag over: Nagra 
malmfyndigheter i Vasttysklands devon. 

Foredr. hade med understéd fran Jernkontoret féretagit en studie- 
resa, huvudsakligen agnad Siegerland samt Lahn- och Dillomradena. 
Han betonade Siegerlands dkade betydelse for den tyska jarnindustri- 
en och redogjorde kort for nutida uppfattningar och problemstall- 
ningar ifraga om jairnspatsgangarnas uppkomst och beroende av tek- 
toniska forhallanden. Sarskild uppmirksamhet ignades den av om- 
radets gruvforetag organiserade och bekostade distriktsgeologtjan- 
sten i Siegen och dess betydelse for gruvdriften, framforallt vid plan- 
lageningen av undersdkningsarbeten. Ifraga om dar tulampade ar- 
betsmetoder framhélls den av platsens innehavare, Dr W. Henke, 
med mycket stor framgang anvanda metoden att utnyttja stereogram 
for askadliggdrande av malmgangarnas position, forkastningar, o. s. .v. 

Besoket i Lahn- och Dillomradena hade haft till a4andamal forvar- 
vandet av en viss personlig erfarenhet av dir upptridande bergarter 
och malmtyper, da den forefintliga rikhaltiga facklitteraturen svarli- 
gen kan effektivt utnyttjas utan st6d av dylik fortrogenhet med de 
lokala geologiska begreppen. De lagerformigt upptridande blodstens- 
malmerna hava forr tolkats sasom antingen metasomatiska eller se- 
dimentiira. Numera synes det emellertid klart, att metasomatiska 
processer icke spelat nagon stérre roll. I alla handelser har malm- 
avsittningen skett sdsom en slutfas av den vulkaniska verksamheten 
1 mellandevonisk tid. Denna verksamhet bérjade med keratofyr- 
eruptioner, varpa foljde en miktig serie av spilitlavor, »slaggkalker» 
och tuffer; de bada sistniimnda begreppen motsvara beteckningen 
»Schalstein», Foredr. uppehdll sig vidare vid prof. E. LeHMaNNs in- 
tressanta resultat fran petrografiska undersdkningar av denna erup- 
tivserie, i vilken framforallt férekomsten ay »kalispiliter» utgér ett nytt 
och hégst miirkligt drag. Vissa jimférelser med Lake-Superior-omra- 
dets grénstenslavor och till dem anknutna kvartsrandmalmer gjordes 
ocksa. 

Foredr. understrdk, att studieprogrammets genomférande inom den 
korta tid, som statt till buds, méjliggjorts genom det stora tillmétes- 
gaende, som visats av de inom de ifragavarande omradena verksamma 
fackminnen. 


Med anledning av féredraget yttrade sig hrr SUNDIUS, BACKLUND 
och f6redraganden. 


Hr N. Sunprus instimde med féredr. i hans uttalande om det stora in- 
tresse ur flera synpunkter, som de berérda tyska omradena ha for vara 
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svenska forhallanden. Fér egen del ville tal. betriffande Lahn-Dillomradets 
bergarter framhalla en omstiindighet, som i frimsta rummet fangat hans upp- 
mirksamhet, och som syntes honom betydelsefull, nimligen den egenartade 
mineralsammansittningen hos de med malmerna forknippade eruptivberg- 
arterna (keratofyrer, keratofyrspiliter, Schaalstein). I stort sett sammansiittas 
dessa av alkalifaltspater, klorit och vaxlande mangder karbonater, vilka 
Senare i de massiva och homogena bergarterna vanligen icke aro rikliga, var- 
till kommer ett stundom osedvanligt rikligt innehall av jarmmalm. Denna 
mineralkomposition ‘ir konstant inom serien. Man har i allmiinhet tytt detta 
sasom beroende pa sekundir omvandling, orsakad av metamorfos under 
lagrens veckning. Gent emot detta har likviil Prof. E. LEHMANN i Giessen, 
som sedan flera ar varit verksam inom omradet, gjort giillande, att denna 
standpunkt icke ir tillimplig, utan kombinationen alkalifaltspat-klorit 
maste anses sasom primar och sasom resultatet av direkt utkristallisation 
ur magman. De skal, som Leamann anfér for sin uppfattning, syntes tal. 
sa starka, att man har anledning att godtaga denna sasom riktig. Salunda 
saknas inom de nimnda bergarterna alla spar av pseudomorfoser ay kalk- 
silikater sadana som hornbliinde och pyroxen. Diremot ar pyroxen en van- 
lig och val bibehallen bestandsdel i den nagot hégre i lagerserien beligna 
»Decky-diabasen, som genomgatt samma dislokationsperiod, som keratofyr- 
spilitserien. Aven i mindre keratofyrintrusioner i diabasen méter man 
Ssamma motsdttning 1 mineralsammansittningen. Enligt Leamanwn skulle 
vi darfér i den malmforande serien ha att géra med magmatiska bildningar 
av egenartad sammansittning, for vilka normala stelningsbetingelser icke 
svarit gallande, utan vilkas kristallisationstemperatur legat osedvanligt 
‘lagt, varigenom kloritens direkta utkristallisation mdjliggjorts. Den huvud- 
sakliga orsaken hirtill anser samme forksare vara att sdka i en hég vattenhalt. 
De beskrivna férhallandena i bergarterna svara pa det nirmaste emot, vad 
tal. tidigare framhallit sasom utmiirkande fér senmagmatiska magmafrak- 
tioner, och det syntes tal. efter LeHmanns fortjanstfulla och omsorgsfulla 
arbete patagligt, att vi har ha att gora med en senmagmatisk magma i effusiv 
eller helt ytligt intrusiv form. Att en magma av denna sammansattning 
bér vara rik pa lésningar och ha chanser att alstra malmdepositioner ar ju 
aven forstaeligt. 


Foredraganden var fullstindigt ense med Dr Sunpius i att tillmata 
de av denne framhallna egenskaperna hos Lahnspiliterna den storsta bety- 
delse ur petrografisk synpunkt. Med hansyn till svarigheten att ga narmare 
in pa ifragavarande drag utan att upprulla hela det komplicerade spilit- 
problemet hade han emellertid i foredraget inskrinkt sig till att framhalla 
sddana drag, som syntes innebira alldeles sirskilt nya moment 1 denna pro- 
blemstallning, nimligen kalispiliterna. 


Fil. Lic. Torr Lixne xu hdll ett av stuffer och Jjusbilder illustrerat : 
foredrag om: Nya fynd av tertidr ved 1 Skane ~ 

Ar 1934 patriiffades ett antal fossila, férkislade vedstycken i de losa 
jordlagren pa vastra stranden av sjén Raslangen 1 nordéstra Skane. 
Bland fynden markes ett storre stamfragment. Den mikroskopiska 
undersékningen, som verkstiilldes pa Naturhistoriska Riksmuseets 
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paleobotaniska avdelning, visade sarskilt vad den namnda stocken 
betriffar en utomordentligt val bevarad anatomisk struktur, som till- 
lat en bestamning av veden till den mellantertiira Tazxodioxylon 
sequoianum GotHAN (identisk med veden av det i Kalifornien annu 
kvarlevande jattetradet Sequoia sempervirens ENDL.), en i Central- 
europas brunkol mycket vanlig vedtyp. Detta talar starkt for att 
Raslangsfynden aro av tertiir alder, vilket ytterligare bestyrkes dir- 
av, att de enda bestimbara kretaceiska vedresterna fran Sverige, de 
som finnas 1 Holmasandstenen vid Ivésj6n och pa Listerlandet, aro 
av en helt annan typ och tillhédra en annan konifergrupp. Ovriga ved- 
stycken fran Raslangen, liksom aldre lésa vedfynd fran Skane visa 
daremot alla, i den man bevaringstillstandet tillater, en liknande struk- 
tur som den stora stammen fran Raslangen, aro alltsa av tertiar typ. 
De torde darfor e} harstamma fran Holmasandstenen utan fran ter- 
tiira lager, som mdjligen ansta eller anstatt pa botten av de djupa 
sjOarna 1 narheten. Att de ej transporterats nagra lingre strackor 
visar bl. a. deras koncentrerade férekomst inom ett par begrinsade 
omraden. Strax V om Raslangen gjordes salunda fem fynd helt nara 
varandra, och NV om Simrishamn finnas inom ett par mils avstand 
minst sex fyndorter. Den ostvastliga transporten kan ha skett genom 
den aldre baltiska isstrommen. 


Med anledning av féredraget yttrade sig hrr HaLLe, Trompsson, 
Backiunb, Dauuistept, J. EkLuND, Geiser, Honmeuist och fére- 
draganden. 


GEOL. FOREN. FORHANDL. Bd 58. H. 2. 1936. 391 


Geolognytt. 


Kungl. Vetenskapsakademien har fran Hierta-Retzius stipendiefond till- 
delat Docenten E. Launener, Uppsala, 500 kr. fér bearbetning av karto- 
grafiskt material fran expeditionen till Patagonien 1932—1934, Lektor 0. 
Isperc, Lulea, 500 kr. for en paleontologisk-stratigrafisk undersékning av 
musslor fran Gotland och Fil. Kand. G. Sanpsera, Uppsala, 1,000 kr. for 
studier av tjalskjutning och jordflytning sisom vaxtbiologiska faktorer. 
Bland reseunderstéd till yngre naturforskare for undersékningar rérande 
landets naturforhallanden erhéll Amanuensen C. E. NorDENSKJOLD 250 kr. 
for morfologiska studier inom dvergangsomradet mellan Kalmarslitten och 

_ Tjustbygden. 


Fran fonden Lars Hiertas minne ha understéd tilldelats Fil. Dr A. LunpE- 
GREN fdr utredning av krithavets nordgriins i Sydsverige m. m. och Docenten 
G. TRoEDsson f6r undersékning av rit-liasformationen i Skane. 


Ur Liingmanska kulturfonden ha anslag utdelats bl. a. till: Professorskan 
K. Huuir De Geer, Stockholm, fér att avagabringa en fast artalsdatering 
genom sektioner av stubbar i vara torvmossar; Docent E. LuuneNER, Upp- 
sala, f6r bekostande av fotografiska kopior av negativ fran de patagoniska 
Anderna; Docent 8. Patmavist, Lund, for geokemiska undersékningar éver 
vissa lerors bildningsmekanism; Prof. E. Strens16, Stockholm, fér framstiil- 
*lande av original till illustrationer for en monografi 6ver hjarnkapselns bygg- 
nad hos vissa devoniska crossopterygier; Fil. Lic. G. SAve SODERBERGH, 
Stockholm, fir tryckning av ett arbete rérande triassiska stegocephaler fran 
Spetsbergen. 


Fran Kungl. och Huitfeldtska stipendieinrattningen har Fil. Mag. A. Lun- 
DELL, Lund, erhallit 600 kr. fér fortsatta geologiska undersékningar 1 Dalsland. 


Geografiska sillskapet i Leipzig har till hedersledamot utsett Prof. H. 
W:son AuLMANN, Stockholm, och till korresponderande ledamot Docenten 
N. Horner, Uppsala. 


Den 4 april férsvarade i Uppsala Fil. Lic. T. Kroxstrém en avhandling 

med titeln: The Hillefors Dolerite Dike and some Problems of Basaltic Rocks 

(Bull. Geol. Inst. Ups., Vol. XXVI). Opponenter voro Prof. H. BackLUND 
och Docenten H. von EcKERMANN. 


Bergsingenjér Otor Extunp, Stockholm, har av danska Grénlandssty- 
‘relsen anfoértrotts ledningen av den planerade marmorbrytningen i Vast- 
eronland. 


Sveriges geologiska undersdéknings faltarbeten under 
sommaren 1936. 


Statsgeologen S. Jonansson utfor agrikulturgeologiska och hydrogeole- 
-giska specialundersékningar samt slutfor revisionen for beskrivning éver jard- 
-arterna till kartbladet Lidképing. 
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Statsgeologen R. SANDEGREN avslutar jordartskartliggningen pa kart- 
bladet Horndal samt rekognoscerar pa kartbladet Varvik. ; 

Extrageologer: J. A. Beraquist, 0. CLazsson, EH. Casson och T. KRox- 
STROM. i Pees . 

Statsgeologen N. Sunprus utfér en berggrundsgeologisk undersékning av 
Orndomradet 1 Stockholms lan. : 

Statsgeologen N. H. Maanusson leder och 6vervakar berggrundskartlagg- 
ningarna pa kartbladen Hedemora och Varvik samt utfor malmgeologiska 
undersokningar inom den mellansvenska bergslagen, huvudsakligen fér det 
sammanfattande verket rérande dennas jarnmalmsfyndigheter. 

Statsgeologen G. Lunpevisr pabérjar och bedriver den geologiska kart- 
liggningen av kartbladet Hedemora samt leder i anslutning diartill instruk- 
tionskursen i geologisk kartering for nyantagna extrageologer. 

Extrageologer: H. THomasson, Hs. Bsurutr, 8. J. Bsurutr och F. E. 
WICKMAN. 

Statsgeologen B. Askiunp utfér praktiskt geologiska undersékningar inom 
viistra och sédra Sveriges granitindustriomraden samt Jamtlands lan. 

Extrageologer: R. Norin och V. Larsson. 

Statsgeologen E. GRANLUND slutfér revisionen fér beskrivningen till den 
praktiskt-geologiska kartan éver jordarterna nedanfér odlingsgransen 1 
Vasterbottens lin. 

Extrageolog: C. Larsson. 

Statsgeologen A. Hécsom utfor malmgeologiska undersékningar 1 Vaster- 
bottens fjalltrakter samt avslutar revision for beskrivning av berggrunds- 
kartan 6ver Vasterbottens lin. 

Extrageolog: T. Du Rterz. 

Geologen G. Exstr6m fortsitter den geologiska undersékningen av jord- 
arterna pa kartbladet Lund, utfér i anslutning diirtill agrogeologiska under- 
sékningar inom angrinsande delar i Skane samt utfér hydrogeologiska under- 
sékningar inom valda specialomraden. 

Extrageologer: F, RenemMark och E. Monren. 

Geologen P. THoRsSLUND utfér praktiskt-geologiska undersékningar och 
stratigrafiska utredningar inom de kalkstensf6rande omradena i Jaimtlands 
lain. 

Fil. Dr 8. HsetmQvist reviderar berggrunden pa kartbladet Smedjebacken 
samt utfér (under samarbete med statsgeologen Magnusson) malmgeolo- 
giska utredningar. 

Geologen J. Eklund utfér malmgeologiska utredningar inom de nedre de- 
larna av Vasterbottens lin. 

Gruvingenjér K. A. BARKENBERG leder de gruytekniska underséknings- 
arbetena inom Visterbottens lan. 

Fil Lic. 8. Gaverin utfor malmgeologiska specialundersékningar i malm- 
fyndigheterna inom Skelleftefiltet i Vasterbottens lan. 

Fil. Dr G. Beskow utfér vaggeologiska faltutredningar inom utvalda delar 
av landet. 

Prof. P. Geiser utfér utredningar for arbetet Sver den mellansvenska 
bergslagens jiirnmalmsfyndigheter. 

Fil. Dr O, Kutuine utfér en undersékning éver bergarterna och strati- 
grafien inom sparagmitaydelningen i Visterbottens lin, 
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Hiarmed riktas en allvarlig uppmaning till forfattarna i Geol. Fore- 
ningens Férhandlingar att avlimna tydliga, slutgiltiga och val 
genomsedda samt helst maskinskrivna manuskript. 

Sarskilt bor uppmarksamheten 4gnas at strangt genomférd konse: 
kvens betraffande skrivningen av namn, latiniserade ordformer 
och tekniska uttryck, samt at stilformernas riktiga betecknande 
(kursiv, sparrad, KAPITALER). Kursivstil anvandes blott for latinska 
namn (ej for att understryka vikten av visst textinnehall). Sparrad 
stil anvindes for att framhava vissa ord eller meningar i texten. 
Kapitaler anvandas for alla. personnamn. I manuskriptet utmarkes: 
/sparrning med ~~~~~~ 

KAPITALER ee 

kursiv — 

Konsekvens i férkortningar ar i hog grad énskvard. Foljande de- 
aljer kunna uppmarksammas: 

km dm m (antikva utan punkt). 

dr (doktor), prof. (professor), hr (herr). 

Titel angives blott foérsta gangen forfattare citeras, men upprepas 
sj onddigtvis. 

Korrekturlasning aligger férf. Red. 


Separat av de i Geologiska Féreningens Férhandlingar 1928, H. 2 ingiende 
uppsatserna: 
Erik Granlund, Landhidjningen i Stockholmstrakten efter minniskans in- 
yandring. Pris 0.75 kr. och 
Henr. Munthe, Drag ur den senglaciala utvecklingen ay Billingen—Falbygden 
med omnejd. Pris 1.50 kr. 


kunna rekyireras hos Nordiska Bokhandeln, Stockholm, eller direkt fran Geo- 
logiska Foreningen, Stockholm 50. 
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Geologiska Féreningens i Stockholm Forhandlingar utkomm 
med 4 haften drligen. Prenumeration mottages genom Nordiska bo: 
handeln, Stockholm. Genom samma bokhandel kan Aven i man é 
tillgang erhallas: 


Generalregister till | Generalregister till 
Bd i—81 & 20 kr, Bd 1—See ue Bd 22—31 a6 kr. 
egee” OO: ei > 38-416 9 
aes ole ».<f1==815 bee > 49—50.5.6 oe 


Lisa hiften av alla banden till pris beroende p& haftenas omfang. 

Medlemmar av Foreningen erhalla genom skattmiastaren de dldre banden av Foérhan 
lingarna och Generalregistret till halften av det ovan upptagna bokhandelspriset. A 16 
haften limnas ej prisnedsittning. (Styrelsens beslut d. *”/10 1922.) 


Geologiska Féreningens sekreterare, Statsgeolog R. Sandegren, traffas i Foreninge) 
angelagenheter 4 Sveriges Geologiska Undersékning, tisd. och fred. kl. 11 f. m.—12 
Tel. 319818 och 319819. Efter kl. 6 e. m. Tel. Djursholm 272. Efter éverenskommel 
per telefon kan sekreteraren aven traffas 4 Stockholms Hégskolas Geologiska Institut. . 


Foreningens ordinarie moéten aga rum férsta helgfria torsdag i manaderna febr 
ari, mars, april, maj, oktober, november och december. Dagen fdr januarimétet bestimmes 
decembersammankomsten..Anslag om féredragningslistan finnas minst 3 dagar fore sa: 
mantridet uppsatta p& anslagstavlorna 4 féljande offentliga institutioner: Stockholms Hégsko) 
Tekniska Hégskolan, Bergshégskolan, Jernkontoret, Sv. Geol. Undersékning, Statens Meteorologis 
Hydrografiska Anstalt, Statens Skogsférséksanstalt, Statens Jarnvagars Geotekniska avd., Ups# 
Univ:s Geolog., Geogr., Paleont. och Vaxtbiol. inst. samt Lunds Univ:s Geol. inst. 

Personlig kallelse till sammantradena utfardas pi dirom gjord framstillning t 
sekreteraren. 

Haftena utdelas sammantridesdagarna i januari, mars, maj och @ 
vember. 


Uppsatser, avsedda att inféras i Forhandlingarna, insindas till Féreningens sekretera: 
Sveriges Geologiska Undersékning, Stockholm 50. Atféljande tavlor och figurer béra ya 
fullt fardiga till reproduktion, di de jimte uppsatsen sindas. 

I Férhandlingarna m& uppsatser — férutom p& skandinaviskt sprik — infdras p& é 
gelska, franska eller tyska; dock ware férfattare skyldig att i de fall d& Styrelsen anser : 
dant Onskvart bifoga en resumé p& skandinaviskt sprak. 

Darest korrektionskostnaderna fdr inférd uppsats uppg& till mera an 16 kronor 


tryckark, vare forfattare skyldig att erligga det dverskjutande beloppet, sAvida det uppg 
till minst 10 kr. pr uppsats. 


Forfattare erhiller gratis 75 separat av inférda uppsatser. 
Referat honoreras sdlunda (Foren. beslut 7/12 1911): 


I:sta sidan eller del dirav ..... . . efter 20 dre pr tryckrad. 
2:dra > ec > oe Ne wg ce 2 > 
3:dje > > Ry eee IS > 


Féljande sidor honoreras icke. 
Anmilan om foredrag géres i god tid hos sekreteraren. 


Ledamiternas arsavgifter, vilka enligt § 7 av Féreningens stadgar skola vara inbetal 
senast den 1 mars, insindas till Féreningens skattmastare, Dr K. E. Santstrém, Sverig 
Geologiska Undersékning, Stockholm 50, till vilken Féreningens ledaméter ven tor 
insinda uppgifter om andringar ay adresser och titlar. Arsavgifter, som ej aro inbetal 
den 1 mars, ar skattmastaren skyldig att oférdréjligen inkriva. 4 

Arsavgiften utgér kr. 15: —, avgift sisom stindig ledamot kr. 200: —. Ledam 


som under en foljd av minst 20 Ar erlagt arlig ledamotsavgift, kan bliva standig ledar 
mot en avgift av kr. 100: —. : 


